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I. — ^NoTis  ON  Fossil  Inssot-Bkmainb.  '  ** 

...V 

rnHE  QsoLOOiOAL  Haqazime  is  fortunate  in  having  received  within     '.•* 

JL     its  pages  many  contributions  relative  to  the  discovery  of  Fossil       ^  . 

Insect-remains,  both  in  this  country  and  abroad. 

The  first  of  these  appeared  in  VoL  III.,  1866,  at  p.  97,  from  the 
pen  of  that  distinguished  geologist  and  palaeontologist,  Professor 
Phillips,  M.A.,  LL.D.,  F.B.S.,  and  describes  the  wing  of  a  new 
Dragon-fly  under  the  name  of  Libellula  Westwoodiif  from  the  Stones- 
field  slate  near  Oxford,  a  locality  rendered  historical  by  the  writings 
of  Buckland,  and  still  more  so  by  the  recently  published  work  of  his 
eminent  successor  in  the  Chair  of  Geology  at  Oxford.* 

Mr.  J.  W.  Kirkby  (Gkol.  Mag.,  1867,  Vol.  IV.,  PL  XVII.,  Figs. 
7  and  8,  p.  388)  adds  a  notice  of  the  remains  of  two  Orthopterous 
insects  from  the  Coal-measures  near  Sunderland ;  and  in  the  same 
volume  (at  p.  385)  Principal  Dawson,  of  Montreal,  records  the 
remains  of  five  new  insects  from  the  Devonian  shales,  St.  John's, 
New  Brunswick  (see  PI.  XVII.,  Figs.  1-5). 

In  1868,  Vol.  v.,  pp.  172  and  216,  Mr.  Samuel  H.  Scudder,  Curator 
of  the  Museum  of  the  Boston  Society  of  Natural  History,  Boston, 
U.S.,  gave  a  full  account  of  eighty-seven  species  of  insects,  six  of 
which  are  from  the  Devonian,  fifteen  from  the  Carboniferous,  one 
from  the  Trias,  and  sixty-five  from  the  Tertiaries.  Ten  of  these 
are  Coleoptera,  four  Orthoptera,  nine  are  Neuroptera^  five  either 
Orthoptera  or  Neuroptera,  three  are  Hymenopiera^  forty-five  are 
Diptera,  six  Hemiptera,  while  three  are  Lepidoptera,  one  doubtful 
Carboniferous  form,  and  two  from  the  Tertiaries;  and  two  are 
Myriapoda  from  the  Carboniferous. 

In  a  paper  which  appeared  in  September,  1871  (see  Gkol. 
Mag.,  Vol.  VIII.,  PL  XI.,  p.  385),  a    form  of  Arachnide,    under 

^  "  Geology  of  Oxford  and  the  Valley  of  the  Thames,"  by  John  Phillips,  M.A., 
F.R.S.,  F.G.S.,  Professor  of  Geoloofy  in  the  University  of  Oxford.  Royal  8vo. 
pp.  524.  Oxford.  1871.  Clarendon  Press.  In  this  work  are  also  figured  Buprea- 
tidium  :  Curculionidium  :  Henierobioid^s  giganteus^  and  Libellula  iresttvoodii :  Blap- 
Mtdium  Egertotti,  Melolonthid'Uin  and  Prionideum  are  recorded  as  occurring  at  Eyeford 
and  Stonesfield  (p  174).  Brodie's  Fossil  Insects  (pulHished  in  1845)  contains  notices 
of  9  CoUoptera^  3  Orthoptera^  3  Hemipteray  etc.,  8  Neuroptera,  and  1  Diptera  from 
the  English  l.ias.  The  Purbeck  also  has  yielded  numerous  Insect-remains,  viz. :  8 
Cultopfera,  7  Neuroptera^  3  Orthoptera^  10  Hnnioptera,  12  Diptera ;  numerous  other 
Insect- remains  have  been  obbiincd  from  the  Gt.  Oolite,  Sevenhampton  (see  Brodie's 
Fossil  Insects),  and  otiier  localities. 

▼OL.  X. — NO.  cm.  \ 


2  A.  0.  Biiit&c— Oldest  knetm  Fiml  SalUrflM 

the  generio  titl^VofBopkrymw,  wu  redescribod  by  H.  I 
from  a  new  bb^  -very  perfect  specimen ;  it  baring  beeil 
figured  and.dcBoflbed  by  Dr.  Buckland  aa  Cwrrulioid^  Pl 

This  paper,  .ia  accoinpanied  by  a  list  of  44  inaects  fro* 
measure;. 7 "from  the  DeTonian,  and  1  Permiati  example. 

Another,  'new   Britisli  Arachnide,    named  Archilarbvi 

H..,Wooa'w.,    from  the  Coal-measures,   Lancnsbire,    antlfl 

specteq  from  the  Coal  of  Illinois,  U.S.,  named  Archilarbat  T 

^tnul^Ter,  were  figured  and  described  in  Gxol.  Mao.,  ISTSl 

.  /PlilX.,  p.  385.  1 

.-'■.'Lastly,  in  the  Geoloqical  Uaoazikb  for  December  we  fi.1 

.,  reprinted  the  descriptiun  of  &  new  fossil  fiutterfly,  £a(^ri(«'l 

&om  Aix  in  Frovenoe,  determined  by  Mr.  Samuel  U.  8<W 

Boston,  TJ.S. 

It  is  no  small  pleasure  this  month  to  add  the  descriptio 
Lepidopterous  insect  from  the  Stonesfleld  slate  near  Uxfotl 
together  with    figures   and   descriptions  of  two  other  fo  f 
Aiz-la-Chapelle  and  Kadaboj  in  Croatia,  have  been  kindljf  ■ 
cated   to   us   by  the  author  of    "  Lepidopteia  Exotica,"   , 
current  January  number  of  that  work.  Edit.  Qxoj  I 


U.  —  Oh    a.    Fossil     BurntBrLT     BELONOiKa    to    thi  | 
Ntmpbjudm,  fbom   thk  Stonespikld   Sulte   neab 
WITH  NoTicis   or  Two   otbib  Fobeioh  Fobsib  fbo]i| 

AKD  CbOATIA. 

B7  Artevk  G.  Butlsb,  F.Z.3.. 

o(  the  Britiiti  UuMun. 

(PUTE  I.) 

GEKUS  Palamttna,  Butler  (fossil).    Frontwing  ovate  tn'il 
costal  nervure  much  swollen  at  boss ;  SLbccisial  four-b  I 
Qie  first  two  branches  emitted  about  half-waj  between   1 
cell  and  apex ;  the  third  emitted  abnormally  just  beyond  I 
and  therefore   springing  from   beneath   the  nervure ;    thel 
emitted  in  a  still  more  unusual  manner  from  Uie  third ;  so  tH 
third  and  fourth  branches  might  be  described  as  springing  b 
from  a  footstalk  emitted  from  beneath  the  eulieostal ;  disoc 
and    discoidol  nervures   precisely  as   in    Catujo ;  median  I 
nearer  together  than  in   Caltgo ;  submcdian  nervure  follow; 
same  direction  as  the  median  nervures,  but  even  more    di 
inarched,  so  that  the  internal  area  is  considerably  widened  A 
wing  and  body  wanting.     Type  Palaonliaa  ooliticn. 
PaUoHlina  ooliiica,  sp.  n.  Fl.  I.  Figs.  1,  2.     d*  ? 

Al«  intlcn  coata  hvae  productA  apnd  ■picem  ircoata^  mnrginG  e 
pmlnlani  srcuato:  mar^ns  interna  breTimmo  uraato  ;  \eais  ^rrug^ 
obulctii:  Bip.  alar.  circ.  unc.  6,  lia,  3. 

'  Thii  dncription  and  the  accompanying  Date  are,  bj  the  kind  pi 
author,  entracua  from  andiuued  >iinullaDeouil7  with  Fail  XV.  of  ih 
Eiotica,"  or  "  Descripliona  and  IltuitratioDs  of  Eiotto  LcpidoptecB, 
1S73.     By  A.  G.  iJDtlec,  F.Z.8.  {p.  126,  pi.  iItIu.} 


-Oldest  knotcn  Fossil  ButUrfiy.  3 

irdshire).      Coll.    Edward   Charlesworth. 

I  insect.  Hub  Bpecies  belongs  to  a  jrioup 
mrest  allies  are  tlif  genera  Caiigo,  Dimy- 
all  ttiree  ei^seiitially  tropicul  Amerioan 

y  interesting,  as  being  fhe  oldest  fostil 
the  tDost  ancient  previously  known  to 
in  the  Cretaceous  Reries  (wliite  Bandstono 
the  bulk  of  the  known  species  are  from 
"  Croatia  :  it  is  also  interesting  as  belong- 
>f  butterflies,  and  to  a  sub-family  inter- 
m  two  others,  namely  the  Sal^riait  and 
re  rccenlly  discovered  fossils  are  rcfei- 
->  the  two  latter  groups.  The  nerviires 
r^nated  witli  iron,  which  will  partly 
«d  condition.  I  have  thought  it  well  to 
tttons  of  two  fossils  frrtm  the  Cretaceoaa 
y  to  show  the  remarkable  stnta  of  preser- 
■  and  colour,  which  thoy  exhibit  when 
lie,  but  in  order  that  I  may  render  more 
respecting  them  in  my  Catalogues  of 
<epidoptera. 
r  [Satyrinas).     Neorinopin  sepulia,  Plate  I., 

.  Ent.  Soc.  France,  p.  371,  pi.  8  (1840).  Vantsu 
,  Prance,  p.  71,  pi-  3,  ftgi.  A— c  (1851). 

I  Sandstone  of  Aix'la-Chapelle. 
isition  of  this  species  in  my  Catalogue  of 
showing  that  i^.  nearest  ally  is  Seorina 
I  species,  but  that  it  also  has  a  slightly 
to  Aniirrbaa  i'hilocUtet  and  Anchipiilehia 
■pical  American  forme  ;  the  amount  of 
■0  first  of  these  species,  may  be  seen  on 
4  and  a  ;  the  resemblance  to  Aitehiphlrbia 
inity  more  doubtful.    It  has  nothing  to  do 

(.NympAaii'niE),     Junonia  ?  Plato,  Plate  I., 

dem.  Soc.  HeN.  li.,  p.  181,  pL  li  [1860). 

le  of  Radaboj,  Croatia. 

es  at  p.  109  of  my  Catalogue  of  Fabrician 

W.  H.  Edwards  of  W.  Virginia  having 

f  N  America  that  it  is  unquestionably  an 

"ma,  notwithstanding  the  important  dia- 

^  ints  out.     That  it  may  hear  some  distant 
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Stonesfield  Slate  (Oxfordshire).  Coll.  Edward  Charlesworth, 
Esq.,  F.6.S. 

Though  a  British  Fossil  insect^  this  species  belongs  to  a  group 
completely  tropical ;  its  nearest  allies  are  the  genera  CMgo,  Daajf' 
ophthalma,  and  Braasolis,  all  three  essentially  tropical  American 
genera. 

jP.  ooliiica  is  especially  interesting,  as  being  the  oldest  fossil 
huiterfly  yet  discovered;  the  most  ancient  previously  known  to 
science  having  been  found  in  the  Cretaceous  series  (white  sandstone 
of  Aix-la-Chapelle),  whilst  the  bulk  of  the  known  species  are  from 
the  Lower  Miocene  beds  of  Croatia  :  it  is  also  interesting  as  belong- 
ing to  the  highest  family  of  butterflies,  and  to  a  sub-family  inter- 
mediate  in  character,  between  two  others,  namely  the  Satyrina  and 
Nymphalinay  whilst  the  more  recently  discovered  fossils  are  refer- 
able, with  one  exception,  to  the  two  latter  groups.  The  nervures 
appear  to  have  been  impregnated  with  iron,  which  will  partly 
account  for  their  well-defined  condition.  I  have  thought  it  well  to 
add  to  my  plate  representations  of  two  fossils  from  the  Cretaceous 
and  Miocene  series,  not  only  to  show  the  remarkable  state  of  preser- 
vation, as  regards  pattern  and  colour,  which  they  exhibit  when 
compared  with  the  Jurassic,  but  in  order  that  I  may  render  more 
definite  certain  remarks  respecting  them  in  my  Catalogues  of 
Fabrician  and  Satyridian  Lepidoptera. 

Oenus  Neorinopis,  Butler  {SatyriruB),  Neorinopis  sepulla,  Plate  I., 
Fig.  3. 

Cyllo  sepulta^  BoisduTal,  Ann.  Ent.  Soc.  France,  p.  371,  pi.  8  (1840).  Vaneaaa 
ftpulta,  Lefebvre,  Ann.  Ent.  Soc.  France,  p.  71,  pi.  3,  figs,  a — c  (1851). 

Upper  Cretaceous  White  Sandstone  of  Aix-la-Chapelle. 

I  have  discussed  the  position  of  this  species  in  my  Catalogue  of 
Satyridae  (pp.  189,  190) ;  showing  that  its  nearest  ally  is  Neorina 
Lowii,  a  common  Bomean  species,  but  that  it  also  has  a  slightly 
more  distant  relationship  to  Antirrhcea  Philocteies  and  Anchiphlehia 
archcBa,  two  common  tropical  American  forms  ;  the  amount  of 
affinity,  as  regards  the  two  first  of  these  species,  may  be  seen  on 
referring  to  Plate  I.,  Figs.  4  and  o  ;  the  resemblance  to  Anchiphlehia 
is  less  striking,  and  the  affinity  more  doubtful.  It  has  nothing  to  do 
with  Cyllo. 

Genus  Junonia,  Hubner  (NymphalincB),  Junonia  f  Pluto t  Plate  L, 
Fig.  7. 

Vanetta  Pluto^^  Ileer,  Nouv.  Mem.  Soc.  Helv.  xi.,  p.  181,  pi.  14  (1860). 

Lower  Miocene  Marlstone  of  Eadaboj,  Croatia. 

I  have  noticed  this  species  at  p.  109  of  my  Catalogue  of  Fabrician 
Diurnal  Lepidoptera,  Mr.  W.  H.  Edwards  (rf  W.  Virginia  having 
decided  in  his  Butterflies  of  N.  America  that  it  is  unquestionably  an 
Argynnis  allied  to  A.  Dianay  notwithstanding  the  important  dis- 
crepancies which  Heer  points  out.  That  it  may  bear  some  distant 
relationship  to  A,  Diana  is  quite  possible,  but  that  it  is  "  plainly  an 
Argynnis "  is  quite  another  thing ;  to  my  mind  it  is  plainly  a 
Vaneseidy  probably  a  Junonia  near  to  J.  Hedonia  (see  Fig.  6)  ;  and  I 

^  This  species  is  also  figured  in  Lyell's  Elements  of  Geology,  p.  243,  sixth  ed.,  1865. 
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think  some  points  in  Heer's  description  (of  which  Mr.  Edwards 
takes  no  notice)  are  very  important,  as  evidencing  its  near  relation- 
ship to  cT.  Sedonia  rather  than  to  A,  Diana,  He  says : — **  Along 
the  margin  we  observe  a  row  of  six  circular  light  spots,  one  of 
which  always  lies  between  two  nerves  {L&ngsadem)^  and  fills  the 
whole  space  between  these  nerves.  This  li^ht  spot  does  not  reach 
up  to  the  wing-margin,  which  is  again  of  darker  greyish-bro¥ni 
colour;  situated  in  the  centre  of  each  patch  is  a  black  circular  dot 
Whether  this  had  once  a  white  eye-spot  or  not  cannot  be  ascertained 
with  certainty ;  but  it  is  very  probable,  as  in  two  at  least  of  these 
black  dots  a  small,  light  brown  spot  is  observable  in  the  centre  of 
each.  These  light  eye-spots  seem  not  to  be  encircled  by  a  black  ring." 

The  ocelli  are  well  shown  in  Heer's  figure,  but  in  the  woodcuts 
by  Lyell  and  Edwards,  which  have  in  other  respects  been  made 
much  darker  than  the  original,  the  indication  of  the  lower  edge  of 
the  ocelli  has  been  omitted  altogether,  and,  consequently,  the  resem- 
blance to  the  iq>ecies  of  Junonia  is  rendered  less  evident  I  think  it 
just  possible,  from  the  great  resemblance  which  V,  attavina  of  Heer 
bears  to  the  undersurface  of  J.  JSedcnia,  that  it  is  the  reverse  of 
J.  Pluio. 

In  concluding  my  observations  on  these  three  butterflies,  I  would 
express  my  thanks  to  Mr.  Oharlesworth  for  the  use  which  he  has 
permitted  me  to  make  of  his  highly  interesting  fossil,  and  for  the 
opportunity  which  he  has  thus  given  me  of  illustrating  my  previous 
remarks  on  the  two  species  described  by  Boisduval  and  Heer. 
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(PLATES  II.  AND  III.) 

PFTEEN  years  ago  scarcely  any  attention  had  been  paid  to  the 
subject  of  the  earliest  evidences  of  human  antiquity  in  Western 
Europe. 

Many  explorers  had,  it  is  true,  commenced  their  solitary  researches 
long  before  in  widely  different  localities,  but  scientific  men  had  as 
yet  failed  to  perceive  their  importance. 

Gradually  the  researches  of  the  geologist  and  the  palaeontologist 
have  led  to  the  conclusion  that  there  exists  a  direct  connexion,  by 
descent,  between  the  fauna  and  flora  of  our  earth,  as  we  see  them 
to-day,  and  those  which  peopled  and  clothed  it  in  Tertiary  times, 
and,  as  regards  the  physical  conditions  of  our  planet,  that  it  had 
been  influenced  by  causes  similar  in  character,  though  varying  in 
their  intensity,  to  those  which  at  present  operate  upon  its  suiface. 

But  by  long-accepted  tradition,  Man  has  been  considered  as  belong- 
ing to  an  entirely  separate  order  of  things,  having  no  connexion 
either  with  the  life  of  the  remote  past  or  with  the  series  of  existences 
around  him. 

1  The  Ancient  Stone  Implements,  Weapons,  and  Ornaments  of  Qreat  Britain.  Bj 
John  Evans,  F.R.S.,F.S.A.,  Sec.  Geol.  Sue.,  etc ,  etc.  Royal  8vo.,  pp.  640  (profusely 
illostratod  with  woodoati  and  plates).    London :  L(mgma&%  Green,  and  Co.,  1872. 
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In  order  tbereftwe  to  oompleto  this  oontmcdty  of  life  on  the  earth 
it  eeemed  neoeeeaxy  to  obtain  some  farther  evidenoee  of  man's  early 
existeooe,  in  addition  to  that  whioh  history  or  tradition  sopplied. 
This  evidenoe  was  forthooming.  The  deposits  fomishing  it  belong 
to  the  latest  period  of  onr  planet's  history  preceding  the  present 
and  hare  been  classed  by  geologists  as  Quatomary ;  bot  th^  show 
more  clearly  perhaps  than  any  other  their  oontinni^  with  our  own 
^>och,  intormpted  only  by  the  effects  of  those  coeraical  and  meteorio 
agencies  which  are  ever  uowly  changing  the  sni£ioe  of  onr  earth  in 
▼ast  cydes  of  time. 

These  earliest  known  evidences  of  man  only  reveal  to  ns  the 
primeval  savage  in  his  rudest  and  most  anciviHzed  state ;  but  our 
ideas  of  primitive  man,  as  derived  from  history  or  tradition,  re- 
present him  as  a  hi^y  civilized  being  endowed  with  superior  in- 
telligence and  hig^  moral  attributes. 

Sudi  qualifications  however  would  have  been  of  little  avail,  even 
under  the  most  fitvoured  conditions  of  dimate,  as  compared  with 
those  possessed  by  the  simplest  aborigines;  nor  oould  they  have 
been  transmitted  to  his  descendants :  for,  however  intelligent  Ms  mind 
may  have  been,  he  had  no  experience  in  the  manufiu^re  of,  nor  was 
he  provided  with,  the  simplest  inventions  of  civilized  life. 

It  would  indeed  be  an  anomaly  to  find  a  people  possessing  high 
social,  moral  and  inteUeotnal  qualities  without  having  made  the  least 
pn^iess  in  the  useful  arts,  the  civilizing  influences  of  which  tend  to 
raise  mankind  above  the  level  of  the  savage. 

Whatever  view,  then,  may  be  adopted  in  regard  to  the  first  man, 
we  must  all  agree  that  his  immediate  descendants  were  unacquainted 
with  metals — a  knowledge  of  which  was  only  acquired  after 
many  generations ;  and  consequently  that  their  weapons  would  be 
made  of  the  simplest  forms,  and  from  the  most  easily  f&bricated 
materials,  but  often  well  suited  to  the  purposes  for  whuJi  they  were 
required. 

These  comprised  weapons  of  the  chase,  for  fishing,  for  canoe* 
making,  for  the  formation  of  rude  habitations  and  garments,  and, 
lastly,  those  used  in  primitive  agriculture. 

We  can  readily  divine  the  materials  out  of  which  these  would  be 
formed,  by  recalling  the  achievemente  of  our  schoolboy  days ;  and, 
truly,  in  this  sense 

*'  The  child  *8  the  father  of  the  mao  "— 

Stones,  wood,  shells,  horns  and  bones  of  animals, — such  were  the 
simple  materials  made  use  of  by  early  man. 

But  the  more  fragile  articles,  in  wood,  shell,  horn  and  bone,  could 
only  be  preserved  in  a  few  rare  situations,  which  offered  sufficient 
protection  to  such  perishable  relics  from  the  destructive  effects  of 
the  atmospheric  agents  ever  busy  on  or  near  the  surface  of  the 
ground.  Thus,  in  a  few  isolated  districte,  caverns  have  been  ex- 
plored, beneath  whose  stalagmitic  floors  have  been  discovered  remains 
which  have  made  ns  acquainted  with  much  of  the  rude  arte  of  these 
prehistoric  people ;  and  not  a  few  early  graves  have  been  ransacked 
for  a  similar  purpose ;  whilst,  strange  to  say,  beneafti  t\wd  vr%toc^  qH 
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almost  every  lake  ia  Switaerland,  and  many  freahwater  lakes,  noir 
filled  with  bog,  in  Ireland  and  other  oountries,  remains  of  pfhal- 
baaten  and  orannogee  afford  the  only  history  of  their  anoient  and 
once  numerous  inhabitants. 

But  the  objects  made  of  stone,  being  at  once  the  most  ancient  and 
most  indestructible,  are  consequently  the  most  widespread  and 
frequently  found  of  all  prehistoric  remains. 

In  river-yalley-gravels  along  the  sea-coast,  on  the  downs  and 
moors,  over  fields  and  pastures,  beside  inland  lakes  and  sea-lodis, 
these  relics  are  found  as  if  they  had  been  sown  broadcast  over  the 
land  by  some  fairy  hand ;  and,  indeed,  this  idea  concerning  their 
origin  is  well  expressed  by  the  names*  they  bear  of  ''  elf-dart," 
"  tliunderbolt,"  etc. 

It  is  to  the  task  of  describing  and  classifying  these  curious  stone 
relics  that  Mr.  John  Evans  has  devoted  the  past  twenty  years,  and 
now  comes  forward  with  the  grand  work  on  the  Ancient  Stone 
Implements,  Weapons  and  Ornaments  of  Great  Britain,  which  we 
have  taken  as  the  subject  for  our  article. 

We  may  perhaps  be  thought  by  some  to  attach  too  great  an  im- 
portance to  these  researches ;  but  when  it  is  borne  in  mind  that  even 
now  attempts  are  frequently  being  made  by  superstitious  and  pre- 
judiced persons  to  throw  doubt  and  discredit  on  such  investigations, 
and  even  to  endeavour  to  prove  that  the  very  evidence  upon  which 
they  are  based  is  false  emd  illusory,  we  cannot  but  express  our 
sincere  gratification  on  finding  all  the  needful  facts  and  arguments 
brought  together  for  refuting  such  hereti(»il  fanatics. 

It  seems  essential,  then,  in  order  clearly  to  understand  the  uses 
and  mode  of  fabrication  of  the  ancient  stone-implements  found  in 
Britain,  to  follow  the  same  inductive  method  of  reasoning  as  that 
pursued  by  the  geologist,  who,  in  attempting  to  account  for  the  vast 
changes  which  have  taken  place  in  the  crust  of  the  earth,  finds  it 
safest  to  refer  them  to  ascertained  chemical  laws  and  to  the  existing 
operations  of  nature.  These  relics  of  antiquity  can,  in  fact,  only  be 
interpreted  by  reference  to  the  uses  and  methods  of  manufacture 
employed  by  existing  savages  in  what  we  may  judge  to  be  a  some- 
what similar  state  of  barbarism. 

The  accounts  of  Torquemada,  Hernandez  and  Clavigero,  explain 
the  manufacture  of  obsidian  flakes  by  the  Mexican  Indians,  which, 
with  the  knowledge  we  possess  of  the  manufacture  of  gunflints  at 
the  present  day,  enables  us  perfectly  to  realize  the  mode  in  which 
our  preliistoric  ancestors  in  Britain  fabricated  their  precisely  similar 
implements  in  the  Stone  Age. 

The  records  of  Belcher,  Catlin,  Schoolcraft,  Baines,  and  numerous 
other  travellers  among  the  North  American  Indians,  the  Esquimaux, 
the  native  Australian,  New  Zealander,  New  Caledonian,  and  South 
Sea  Islanders,  furnish  abundant  descriptions  of  the  manufacture  of 
arrow-heads,  and  the  mode  of  making,  hafting,  and  using  the  various 
forms  of  stone-implements  oorresponding  with  many  found  in  this 
eountry. 

"  The  name  of  Celt  (says  Mr.  Evans),  which  has  long  been  given 
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to  hatchets,  adEOS,  or  chisels  of  stone,  is  so  well  known,  and  has  heen 
so  universally  employed,  that,  though  its  use  has  at  times  led  to  con- 
siderable misapprehension,  I  have  thought  it  best  to  retain  it.  It  has 
been  fancied  by  some  that  the  name  bore  reference  to  the  Celtic 
people,  by  whom  the  implements  were  supposed  to  have  been  made ; 
and  among  those  who  have  thought  fit  to  adopt  the  modem  fashion 
of  calling  the  Celts  '  Kelts,'  there  have  been  not  a  few  who  have 

given  the  instruments  the  novel  name  of  '  kelts '  also 

Notwithstanding  this  misapprehension,  there  can  be  no  doubt  as  to 
the  derivation  of  the  word,  it  being  no  other  than  the  English  form 
of  the  Latin  celtis  or  cdtes,  a  chisel."    (p.  50.) 

"So  far  as  general  character  is  concerned,  stone  celts  or  hatchets 
may  be  divided  into  three  classes,  which  I  propose  to  treat  separately 
as  follows : 

"  1.  Those  merely  chipped  out  in  a  more  or  less  careful  manner, 
and  not  ground  or  polished ; 

"  2.  Those  which,  after  being  fashioned  by  chipping,  have  been 
ground  or  polished  at  the  edge  only ;  and 

''  3.  Those  which  are  more  or  less  ground  or  polished,  not  only  at 
the  edge,  but  over  the  whole  surface."  (p.  59.) 

We  have  spoken  chiefly  of  celts ;  but  among  the  500  illustrations 
of  implements  given  in  Mr.  Evans's  work,  there  are  figures  of  various 
other  ancient  objects  in  stone,  such  as  personal  ornaments,  amulets, 
etc. ;  spindle- whorls,  discs,  slickstones,  weights  and  cups ;  sling- 
stones  and  balls  ;  grinding-stones  and  whetstones  ;  flaking-tools  ; 
stone-hammers ;  borers,  awls,  or  drills ;  flint-cores,  etc. 

The  implements  themselves  comprise  rough-hewn  celts;  celts 
ground  at  the  edge  only ;  polished  celts  ;  picks,  chisels,  and  gouges, 
perforated  axes,  perforated  and  grooved  hammers,  flint  flakes, 
scrapers,  trimmed  flakes,  knives,  etc. ;  javelins  and  arrow-heads  ; 
and  those  ruder  forms  of  implements  classed  as  belonging  to  the 
*\Biver.drift  Period." 

At  the  conclusion  of  the  chapter  on  the  Manufacture  of  Stone 
Implements,  which  is  perhaps  the  most  agreeable  and  interesting 
in  this  most  instructive  book,  the  author  observes,  "  Here  as  elsewhere, 
we  find  traces  of  improvement  and  progress  both  in  adapting  forms 
to  the  ends  they  had  to  subserve,  and  in  the  manner  of  treating  the 
stubborn  materials  of  which  these  implements  were  made.  Such 
progress  may  not  have  been,  and  probably  was  not,  uniform,  even 
in  any  one  country ;  and  indeed  there  are  breaks  in  the  chronology 
of  stone  implements  which  it  is  hard  to  fill  up ;  but  any  one  com- 
paring, for  instance,  the  exquisitely-made  axe-hammers  and  delicately- 
chipped  flint  arrow-heads  of  the  Bronze  Age,  with  the  rude  im- 
plements of  the  Palaeolithic  Period, — ^neatly  chipped  as  some  of  these 
latter  are, — cannot  but  perceive  the  advances  that  had  hoen  made 
in  skill,  and  in  adaptation  of  means  to  ends.  If,  for  the  sake  of 
illustration,  we  divide  the  lapse  of  time  embraced  between  these 
two  extremes  into  four  Periods,  it  appears — 

*'  1.  That  in  the  Palaeolithic  River-Gravel,  or  Drift-Period,  im- 
plements  were  fashioned   hy  chipping  only,   and  not   gtowxii  O'c 
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2.    T&flC   OL  ±B 

ttcu^i  gmnnng'  wns  sor  m 

greater  ifcxE  in. 

tools  was  isziiiiiiittL     Ii 

cfaxppixx^  3  &iiiui  hl  "iut  '£bs  uarw- 

stoiiiss  !uE7»  been  'Bed  i)r  •*nixiiic 

'':i.  ThaoL  a.  ths  5«Mixiiiic  ir  ?fiz^Bfr-^tai»  Paaid  of 
dzr:}i««  ijciier  3ike3C3us  besdes  *iwtc  ipss  iMX'^i'^  ^UBd,  jSot  tM 
nuBLTx^Ktnrft  af  bxcchicrB :  xnnifincr  s  ^&0  •idiE'f  mii  jil  dbe  m&ee 
was  ^giaaHj  piTicnaefi  :  md  ^e  iR  if  wuriLiig  tfinc  hj  pressart 
&:ixL  die  •itii2ss  wis  T3Tnnabl7  knuwo.     Tbii  suae 


*^  -L  T!iac  ixL  tiie  Bcnnae  FsccHi  aiicxL  Anne  imuLBmodn  wifefa.  dbe 
ezceptaiEL  -if  ma«  Jbiaea  mii  xragexs^  is  senuuneii  br  aas.  were,  as 
a  mle.  Biff^y  dniahefL  nun'v  •jf  di0  szbi  being  [if  i  flu  ifi"»T  md  oC 
graeefol  fcnn.  ami  nme  if  dbs  ffinc  amir-4ii3ai£i  s^inou^  the 
higft<*«  detcrsft  if  Tiannwl  ^cjL7  -  p.  •&.  > 

Bj  the  kizuiness  of  the  author,  we  are  anbled  v  reygoJace  bere 
trpmi  of  ten.  fixflerens  fi^rms  of  atnne  inroleiiLaitaL  ezhxh^mc  'varioos 
^iegpses  of  pngreaa,  finm  rfae  Srver  Drift  PsuhL  zepcesented  bj 
Fi^  I.  2,  aiui  S.  ifinoL  Haxne  and  T.^fc4TftgTt«w  :  to  the  poliakcd 
o^ta  6f  the  54clxshiis  p^skid  t  Jt|^  ^  and  I0<.  of  hornblende  and 
b-.n^iiitone,  from  SnflbDc  and  y>7rthmnfaaiasid.  and  the  h^hly 
finMjtd  htrjmii  arrow-head.  ja:v«Iin-heed,  and  £nt  knife  or  lance- 
K«ad  (Tt^  Z,  7,  %  fA  the  Bnsiae  PerxxL  &qbl  Tai^^dirce.  Wihdiire, 
aadf!aai»L 

It  in  xBt»eattn(^  to  oheerfe,  in  die  long  aeries^  of  specimens  %nred 
\ij  Mr  T^rMMj  thesAerence  to  a  eertain  Terr  limited  nomber  of  pal- 
UiTTiM^*  yutlj,  w«  diink,  arising  firom  soitabtlirT  of  fbrm^  bat  more  from 
th«t  d^t^rmin^  diamclniation  to  change,  which  all  aboriginea  dia- 
yUj.  **  What  oor  fkther  and  grmnd&ther  did.  that  do  we."— and 
It  in  in  Tain  to  attempt  to  argue  the  point  or  to  trr  to  proTe  any 
ot^f^  plan  ffvp^nor.  The  materials,  it  is  tme,  in  the  lapse  of  ages, 
changerl  frr/m  ron|^  flint  to  polished  greenstone,  or  to  bronse,  but 
*i^tiu  then,  the  hSer  stone  celts  were  nsed  as  the  models  on  which 
t/i  rnotiJd  the  earlier  bronze  axes.   (See  PI.  IL  Fig.  4.) 

F^rrgUMz/n  has  poinie<l  oat  the  same  thing  in  early  Indian  archi- 
\t'.<-AMrhf  wh^ro  the  passage  from  wood  to  stone  bnildings  is  marked 
by  lh#5  M^Tile  imitation  of  the  wooden  beams  of  door-post  and  lintel 
without  any  attemtit  at  higher  art.  The  same  gradual  and  progres- 
siva rW#;]of;mfmt  is  observable  in  early  Greek  architecture  (see  the 
t^mib  of  a  Hfttfftp  of  Lycia,  named  Paiafa,  resembling  a  wooden 
initft\r  or  TtrffM  house/  with  beams  projecting  from  the  sides,  carved 
in  nUttm;  jrrfintirrcA  in  tho  British  Museum). 

Tho  wholn  history  of  the  human  race  is  one  slow  but  continued 
pfogrr^ss.     Krofn  the  condition  of  the  simple  Tasmanian  or  Andaman 

*  Htmtly  fi?«  hundrtd.  '  And  thets  patterns  were  comopolitan. 
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Uandery  wandering  along  the  shore,  seeking,  aooording  to  the 
varying  season,  the  oyster-banks,  or  the  feeding  ground  of  the  great 
Amis,  and  other  Oasteropods,  leaving  sharp-edged  stones  by 
hundreds  commingled  with  the  bivalve  shells  of  the  oyster  and 
round  hammer-stones  with  the  refuse-heaps  of  the  crushed  uni- 
Talves ;  to  that  of  the  more  advanced  Esquimaux  fashioning  imple- 
ments from  meteoric  iron,  quartz  crystals,  flint  flakes,  walrus  tusks, 
foenl  ivory,  reindeer  horns,  and  every  other  available  substance 
which  comes  within  his  reach, — upwards,  through  all  the  shades 
of  more  or  less  savage  life  to  that  of  civilized  countries  like  our  own. 

"  Not  the  least  misunderstood  of  these  subjects  is  the  classification 
of  the  antiquities  of  Western  Europe,  first  practically  adopted  by 
the  Danish  antiquaries,  under  periods  known  as  the  Iron,  Bronze, 
and  Stone  Ages;  the  Iron  Age,  so  far  as  Denmark  is  concerned, 
being  supposed  to  go  back  to  about  the  Christian  era,  the  Bronze 
Age  to  embrace  a  period  of  one  or  two  thousand  years  previous  to 
that  date,  and  the  Stone  Age  all  previous  time  of  man's  occupa- 
tion of  that  part  of  the  world.  These  different  periods  have  been, 
and  in  some  cases  may  be  safely  subdivided ;  but  into  this  question 
I  need  not  now  enter,  as  it  does  not  affect  the  general  sequence. 
The  idea  of  the  succession  is  this : 

"  1. — ^That  there  was  a  period  in  each  given  part  of  Western  Europe, 
■ay,  for  example,  Denmark,  when  the  use  of  metals  for  cutting  in- 
struments of  any  kind  was  unknown,  and  man  had  to  depend  on 
stone,  bone,  wood,  and  other  readily  accessible  natural  products,  for 
his  implements  and  weapons  of  the  chase  or  war. 

"  2. — That  this  period  was  succeeded  by  one  in  which  the  use  of 
copper,  or  of  copper  alloyed  with  tin — bronze — ^became  known,  and 
gradually  superseded  the  use  of  stone  for  certain  purposes,  though 
it  remained  in  use  for  others ;  and 

'*  3. — That  a  time  arrived  when  bronze,  in  its  turn,  gave  way  to 
iron  or  steel,  as  being  a  superior  metal  for  all  cutting  purposes,  and 
which,  as  such,  has  remained  in  use  up  to  the  present  day. 

**  Such  a  classification  into  different  ages  in  no  way  implies  any 
exact  chronology,  far  less  one  that  would  be  applicable  to  all  the 
countries  of  Western  Europe  alike,  but  is  rather  to  be  regarded  as 
significant  only  of  a  succession  of  different  stages  of  civilization  ; 
for  it  is  evident  that  at  the  time  when,  for  instance,  in  a  country 
such  as  Italy,  the  Iron  Age  may  have  commenced,  some  of  the  more 
northern  countries  of  Europe  may  possibly  have  been  in  their 
Bronze  Age,  and  others  again  still  in  their  Stone  Age. 

**  Neither  does  this  classification  imply  that  in  the  Bronze  Age  of 
any  country  stone  implements  had  entirely  ceased  to  be  in  use,  nor 
even  that  in  the  Iron  Age  both  bronze  and  stone  had  been  com- 
pletely superseded  for  all  cutting  purposes.  Like  the  three  principal 
colours  of  the  rainbow,  these  three  stages  of  civilization  overlap, 
intermingle,  and  shade  off  the  one  into  the  other;  and  yet  their 
succession,  so  far  as  Western  Europe  is  concerned,  appears  to  be 
equally  well  defined  with  that  of  the  prismatic  colours,  though  the 
proportions  of  the  spectrum  may  vary  in  different  countxieE."  ^^^^-^ 
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In  attempting  to  compute  the  vast  periods  of  time  whidi  then 
progressive  ages  present  to  our  minds,  we  speedily  become  aware  cf 
the  brevity  of  our  own  past  history, — "  when  we  remember  that  tlie 
traditions  of  the  mighty  and  historic  city  now  extending  aoross  tlie 
valley  of  the  Thames  do  not  carry  us  back  even  to  the  doae  of  thii 
period  of  many  centuries  when  a  bronze-using  people  occnpied  thk 
island ;  when  we  bear  in  mind  that  beyond  that  period  lies  anotfafli 
of  probably  far  longer  duration,  when  our  barbaric  predecesBOii 
sometimes  polished  their  stone  implements,  but  were  still  unM^  • 
quainted  with  the  use  of  metallic  tools; — when  to  the  HiatoiiOy 
Bronze,  and  Neolithic  Ages,  we  mentally  add  that  long  aeries  of 
years  which  must  have  been  required  for  the  old  fauna,  with  tlis 
mammoth  and  rhinoceros,  and  other  to  us  strange  and  unaccustomed 
forms,  to  be  supplanted  by  a  group  of  animals  more  closely  resem- 
bling those  of  the  present  day ; — and  when,  remembering  all  thiii 
we  realize  the  fact  that  all  these  vast  periods  of  years  have  inter- 
vened since  the  completion  of  the  excavations  of  the  valley,  and  the 
close  of  the  Palaeolithic  Period,  the  mind  is  almost  lost  in  amaie- 
ment  at  the  vista  of  antiquity  displayed. 

"So  fully  must  this  be  felt,  that  it  is  impossible  not  to  sympathize 
with  those  who,  from  sheer  inability  to  carry  their  visions  so  fer 
back  into  the  dim  past,  and  from  unconsciousness  of  the  cogency  of 
other  and  distinct  evidence  as  to  the  remoteness  of  the  origin  of  the 
human  race,  are  unwilling  to  believe  in  so  vast  an  antiquity  for  man 
as  must  of  necessity  be  conceded  by  those  who,  however  feebly  they 
may  make  their  thoughts  known  to  others,  have  fully  and  fairly 
weighed  the  facts  which  modem  discoveries  have  unrolled  before 
their  eyes."  (p.  622.)  H.  W. 

EXPLANATION    OP   PLATES    XL    AND    III. 

Fio.  1.  Acutely-pointed  flint  implement.  Birer-drift  Hoxne,  Norfolk.  Half  nat.  oze. 

(p.  620,  fig.  450.) 
„    2.  Ovate-pointed  implement,  from  the  same  locality.    Half  nat  size.    (p.  519, 

tig.  449.) 
„    3.  Elliptical  Rirer-drift  implement  from  Icklingbam.    Half  nat  size.    (p.  490, 

%  42L) 
„    4.  Rough-bewn  flint  adze  expanding  at  the  end,  closely  resembling  a  bronze 

celt  in  form.    Half  nat.  size.    Tbetford  Warren,  Suffolk,  (p.  67,  fig.  22.) 

5.  Broad  arrow-bead  stemmed  and  barbed  found  in  front  of  tbe  face  of  an 
unbumed  body,  in  a  barrow,  at  Budstone,  near  Bridlington,  (p.  343, 
fi^.  318.) 

6.  Polished  celt  of  dark-green  hornblende  schist,  found  at  Lakenheath,  Suffolk. 
Half  nat.  size.     (p.  114,  fig.  69.) 

7.  Jarclin-head  with  beautifully  worked  surfaces  found  close  to  the  head  of  a 
contracted  skeleton,  in  an  oval  barrow  on  Wiuterbourn,  Stoke  Down,  near 
Stonehenge.     (p.  331,  fig.  275.) 

8.  Flint  knife  (or  lancc-head),  Windmill  Hill,  Saffron  Walden.  Half  nat  size, 
(p.  301,  fig.  260.) 

9.  Symmetrically  chipped  but  unground  celt;   Beach  Fen,  near  Cambridge. 


» 


t* 


>» 


»» 


Half  nat.  size.     (p.  68,  fig.  23.) 


„  10.  Polished  celt  of  hard  slaty  rock  or  honestone,  from  Ilderton,  Northumber- 
land.    Half  nat  size.    (p.  105.  fig.  60.) 

[The  above  Illustrations  are  copies  kindly  granted  by  permission  of  the  author, 
Mr.  John  Evans,  from  **  Ancient  Stone  Implements  of  Great  Britain,"  reference  to  the 
page  and  figure  of  the  original  work  is  given  in  each  case.] 
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— Thx  Oldkb  Deposits  in  thsYictobia  CAVSy  Sbttlx,  Yobkbhibk. 

By  R.  H.  TiDDEMAN,  M.A.,  F.6.S. 

BEE  following  remarks  were  written  for  the  Settle  Caves  Explora- 
tion Clommittee  in  the  spring  of  1871.  Tliey  were  subsequently 
mitted  to  the  British  Association  in  1872,  and  are,  with  additions 
X)djing  the  result  of  the  latest  explorations,  offei^  to  the  scien- 
5  public.  First,  I  propose  briefly  to  describe  the  beds  with  which 
have  become  acquainted  in  the  course  of  the  explorations,  their 
tarent  range  and  superposition.  Secondly,  I  will  endeavour  to 
w  to  what  natural  causes  they  probably  owe  their  origin, 
ii  doing  so  1  need  not  give  any  description  of  the  later  deposits 
m  Neolithic  times  to  the  present,  they  having  been  fully  treated 
by  Mr.  Dawkins.^  I  will  merely  remark  that  they  are,  so  to 
»&,  unconformable  to  the  other  deposits,  and  are  mixed  up  with 
h  of  them  in  succession.  In  short,  they  form  a  floor  or  floors  of 
supation  unconformable  to  older  beds  below. 
1.  The  Cave  is  situated  at  the  base  of  a  vertical  cliff  of  Carbonifer- 
s  Limestone  at  the  side  of  a  dry  valley,  and  the  ground  slopes  away 
ieply  from  the  mouth,  and  is  covered  with  talus.  It  lies  at  about 
50  feet  above  sea-level,  and  consists  of  three  principal  chambers. 

Victoria  Cave,  Settle,  Yorkshire. 
(Scale,  1  inch  to  54  feet.) 


A,  Chamber  A  ;  B,  Chamber  B  4  1,  25-foot  shaft ;  2,  13-foot  shaft ;  a,  lower  cave-earth ; 
a*,  bone-bed  containing  the  older  caTe-maramala ;  b,  laminated  clay ;  ft',  glacial  drift ; 
c  upper  cave-earth ;  d,  talus,  the  dotted  Hue  showing  ita  upper  surface  previous  to 
the  explorations. 

A.  the  Central  Chamber,  about  40  yards  long ;  its  direction  N.N.E. 

B.  branches  off  from  it  on  the  left,  and  has  a  smaller  continuation, 

C,  which  is  not  yet  explored.  • 

D.  lies  on  the  right  of  A.,  and  is  entered  from  it  near  the  mouth. 
The  Limestone  in  which  the  Cave  is  excavated  is  a  whitish-grey 
issive  rock ;  it  dips  to  the  N.N.W.  A.  is  excavated  in  the  bed 
lich  forms  the  roof  of  D.,  and  B.  in  that  which  forms  the  roof  of 
It  is  probable  that  all  these  chambers  are  really  one  great 
rern,  but  filled  with  materials  up  to  the  inequalities  in  the  roof 
lich  now  separates  the  different  chambers.  Its  floor  has  never  yet 
5n  reached. 

Journal  of  the  Anthropological  Institute,  1871,  and  Report  of  the  Bt\l\&\i  Xsao- 
ionfor  1872. 
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^L/  Th«  d^hru  at  the  entrance  oonsista  of  a  loose  angular  talna  of 
\AJtih%*AJit:,  which  at  the  sniface  has  some  clay  and  Tegetable  mould 
inrA'A^  in  it,  bat  lower  down  it  is  Terr  clean.  It  is  without  dooht 
d^rir^  from  the  rocks  above  by  the  frosts  of  sncoessiTe  win  ten. 
It  is  a  point  worthy  of  notice,  howcTer,  that  thoogh  for  the  most  pact 
Ujivle  op  of  loose,  small,  independent  fragments,  in  many  places  yoa 
may  Me,  on  lo^iking  more  closely,  that  Terr  large  blocks  have  fallen 
and  W»me  disintegrated  by  or  after  their  £eJ1,  and  their  component 
pi^^AS,  although  scrparated  by  chinks,  are  still  lying  in  their  relative 
fy/fii  lions.  Ill  is  shows  that  the  rate  of  accomnlation  at  any  one  spot 
is  very  irregular,  and  that  any  calculations  with  r^ard  to  absolute, 
or  indeed  relative,  time,  based  upon  the  thickness  of  the  debris,  are 
very  far  from  l^eing  infallible,  especially  where  it  is  thin. 

^ii.j  The  debris  gradnates  below  at  the  entrance  almost  imper- 
ceptibly into  a  yellowish-brown  clay,  with  angular  fragments  of 
LirneHtone.  Tliis  extends,  so  far  as  we  can  tell,  over  the  whole  Cave, 
but  is  thinnest  near  the  entrance.  In  a  shaft  sunk  to  the  depth  of 
2/i  feet  at  the  junction  of  Chamber  B.  with  Chamber  A.  this  bed  wai 
(j  feet  thick;  and  in  a  13  foot  shaft  at  the  end  of  Chamber  B.  it  shows 
a  thickness  of  10  feet,  and  is  possibly  g^reater.  In  the  25  foot  shaft 
it  contained  a  good  deal  of  stalagmite,  which  was  very  soft  and 
rotten  ;  three  Ix^ds,  much  harder,  which  had  to  be  blasted,  occurred 
in  it  in  the  13  foot  shaft.  Yery  massive  blocks  of  Limestone  lie  on 
its  surface  in  several  places,  but  more  particularly  at  the  further  end 
of  the  Central  Chamljer  (A.),  where  the  form  of  their  upper  surface 
corresponds  to  that  of  the  roof,  and  shows  that  they  have  simply 
fallen  from  above.  But  large  and  small  masses  of  Limestone  occur 
tlirr^ughout  its  whole  thickness.  The  fragments  are  nearly  all 
angular,  and  do  not  show  any  signs  of  rolling  nor  of  glacial 
scrat^^hes. 

(iii.)  Next  IkjIow  this  upper  Cave-earth  wherever  penetrated,  we 
corno  to  a  thick  bed  of  fine  dark-brown  and  yellow  laminated  clay. 
I'lio  laminations  are  very  distinct,  tolerably  regular,  and  for  the  most 
fuirt  very  thin  ;  and  the  clay,  when  pulled  asunder,  flakes  off  along 
tlio  pianos  of  Wlding,  the  alternations  consisting  of  excessively  fine 
s/ind  and  tenacious  clay.  In  section  it  has  much  the  appearance  of 
streaky  gutta-percha.  With  acid  it  effervesces  freely,  about  8  per 
ccmt.  of  its  weight  being  dissolved.  This  laminated  clay  is  at  the 
surface  near  the  entrance  of  the  Cave,  but  dips  steadily,  though  not 
regularly,  towards  the  inner  part.  It  was  well  seen  in  two  shafts 
Huiik  in  Chamlx?r  A.,  in  both  of  which  it  dips  to  the  right  towards 
Ch/imbor  1).,  and  appears  to  underlie  the  whole  of  that  chamber.  On 
the  loft  it  dips  towards  and  into  Chamber  B.,  and  was  ascertained 
by  Mr.  Jackson,  the  superintendent,  to  havo  there  an  inclination  of 
1  in  9,  rather  more  than  6®.  It  shows  a  tliickness  of  12  feet  in  the 
25  foot  sliaft,  the  lowest,  12  inches,  consisting  entirely  of  a  pure 
yellow  clay.  The  last  foot  and  a  half  of  the  13  foot  shaft  was  in  clay, 

'  Although  tho  upper  portion  of  this  is  uecessarily  recent,  it  has  probably  been 
fomiini;  over  since  tho  UlMial  Period,  and  therefore  deserrea  to  bo  classed  with  **  The 
Older  Dcpositi." 
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probably  the  top  of  this  bed ;  but  the  water  dripping  from  the 
roof  pievented  tiie  shaft  being  oontinued,  eo  that  it  oould  not  be 
anertained  with  oertainty.  The  same  angle  of  dip  continued  from 
the  25  foot  shaft  would  just  bring  the  top  of  this  bed  to  where  the 
pare  clay  was  reached  in  the  13  foot  shaft,  so  that  it  is  highly 
probable  that  it  is  the  same. 

No  organic  remains  whatoTor  have  been  found  in  this  bed.  It  is  a 
deposit  well  iBuiapted  for  preserving  organic  structures ;  and  I  have 
finqnently  searched  it  in  hopes  of  finding  something  embedded  in  it, 
but  hitherto  without  suooess.  I  have  also  examined  it  carefully  with 
a  microscope,  but  have  not  seen  a  trace  of  any  animal  or  vegetable 
organism. 

(iv.)  The  lowest  set  of  beds  to  which  we  have  as  yet  attained 
comes  next  in  order  of  descent.  It  is  in  all  respects,  save  the 
remains  which  it  contains,  similar  to  ii.  Seven  feet  of  it  were 
ikown  in  the  bottom  of  the  25  foot  shaft  in  Chamber  B.  It  consists 
of  laige  and  small  blocks  of  Limestone  in  a  matrix  of  sandy  clay. 
The  stones  are  neither  rounded  nor  scratched.  No  remains  were 
found  in  it  in  this  shaft,  but  at  the  entrance  of  the  Cave,  at  a  depth 
in  this  bed  of  about  16  feet  from  the  base  of  the  laminated  clay,  was 
a  yellow  layer,  a  floor  of  occupation  dipping  into  the  Cave,  at  an 
angle  of  16*^  or  20^,  full  of  hyaena  coprolites,  and  containing  the 
following  remains,  kindly  determined  by  Mr.  George  Busk,  F.B.S., 
in  May  and  June,  1872  :- 


£lepha9  prim%gen%u9  (milk  molars). 
JElfpAoM,     Small  size  (fibaLa). 
Urnu  9pel<eua, 
Urnu  ffrisetu. 


Sycena  apelaa. 

Rhinoceros  tichorhinut, 

Bison. 

CervHS  elaphus. 


2.  I  will  now  proceed  to  consider  the  probable  origin  of  these 
deposits,  and,  with  a  view  to  that,  will  just  glance  at  the  position 
of  the  Victoria  Cave.  It  burrows  into  the  side  of  a  cliff  above  the 
1400  foot  level  on  the  east  side  of  a  lateral  valley  which  forms  a  coj 
between  the  comparatively  narrow  valley  of  the  Kibble  above  Settle 
tnd  its  broad  alluvial  plain  below  that  town.  The  Cave  is  situated 
on  the  watershed  of  the  little  valley,  or  rather  what  would  be  its 
watershed,  were  it  not  excavated  in  permeable  limestone. 

(L)  The  origin  of  the  telus  is  undoubted :  it  points  simply  to 
agents  still  in  operation  here,  the  disintegration  of  the  cliffs  by 
weather.  It  must  certainly  be  Post-glacial,  for  any  glacier  passing 
in  this  direction  would  certainly  remove  it ;  and  there  are  abundant 
proofs  that  ice  did  pass  by  here. 

(ii.  and  iv.)  The  similarity  of  the  deposits  ii.  and  iv.  is  so  great 
that  there  can  be  little  doubt  they  were  made  under  similar  con- 
ditions, and  are  due  to  similar  causes.  (The  bed  of  laminated  clay 
between  them  is  quite  different,  and  must  bo  referred  to  quite  a 
distinct  state  of  things.)  The  angularity  of  the  fragments  and  the 
absence  of  any  appearance  of  rolling  forbid  us  to  refer  them  to  the 
lea;  with  this  may  be  coupled  the  absence  of  distinct  bedding,  save 
where  layers  of  stalagmite  or  of  bones  occur,  and  the  irregularity 
with  which  the  blocks  are  dispersed  throughout  the  mass  without 
reference  to  coarseness  and  fineness  of  material.     Nor  can  \\ie'5  \>^ 
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broad  no  distinction  could  be  drawn  between  that  here  and  that  in 
^  Cave,  in  larger  specimens  in  the  coal-shaft  it  was  seen  to  have 
been  much  crumpled,  as  if  by  lateral  pressure.  It  seems  highly 
pcobable  that  the  laminated  clay  in  the  coal-shaft  was  the  result  of 
l^ier  water  in  some  quiet  hollow  beneath  the  edge  of  the  ice-sheet, 
or  its  waning  representative,  and  that  it  was  squeezed  after  deposition 
by  the  ice  which  left  the  tiD  upon  it.  In  the  Victoria  Cave  the 
deposit  would  have  been  protected  from  any  such  subsequent  dis- 
turbance. In  the  coal-shafb  the  scratched  boulders  show  that  it  was 
i  glacial  deposit  They  may  have  been  dropped  into  the  mud  from 
the  ice  above.  In  the  cave  the  limestone  roof  would  prevent  such 
an  occurrence. 

Since  the  British  Association  grant  was  made  (1872),  further 
excavations  have  brought  to  light  beneath  all  the  talus  at  the  mouth 
of  the  Cave  a  bed  of  tenacious  clay  with  scratched  Silurian  and  other 
boolders  resting  on  the  edges  of  the  beds  containing  the  older  mammals, 
and  dipping  outwards  at  an  angle  of  40^.  Mr.  T.  M'E.  Hughes  has 
suggested  that  we  must  bear  in  mind  the  possibility  of  this  Boulder- 
day  not  being  in  its  original  position,  but  having  fallen  from  the 
dilfl  It  will  be  seen  in  the  section  that  all  the  talus,  and  that  of 
considerable  thickness,  lies  above  it.  Nor  is  the  whole  of  the  talus 
irbich  has  fallen  from  the  cliffs,  and  so  represents  a  rude  measure  of 
ikeir  disintegration,  here  shown,  a  much  greater  quantity  lying  lower 
down  the  slope.  If  we  were  to  remove  all  the  talus,  it  would  be 
barely  possible  noto  for  the  Boulder-clay  to  fall  vertically  from  the 
diff  into  its  present  position.  But  were  we  to  restore  to  the  cliff  all 
the  fragments  of  Limestone  which  it  has  lost  since  the  deposition  of 
the  Boulder-clay,  it  would,  I  think,  be  quite  impossible  for  such  a 
&11  to  occur. 

Taking  all  the  circumstances  together,  it  seems  more  likely  that 
the  drift  here  is  the  remnant  of  a  moraine  (lateral  or  profonde)  which 
dammed  up  the  mouth  of  the  Cave,  and  prevented  anything  but 
water  charged  with  fine  sediment  from  entering  it  during  the  Glacial 
Period.  It  is  a  rather  significant  fact  that  all  the  deposits  below  this 
till  are  charged  with  mud/  whilst  those  above  it,  consisting  entirely 
of  fallen  talus  of  great  thickness,  are,  except  quite  at  the  surface, 
completely  free  from  it.  Also  many  of  the  limestone  fragments  close 
beneath  the  drift  appear  to  have  lost  much  of  their  surface  from  the 
solvent  power  of  water  and  carbonic  acid;  for  they  are  rounded  to 
some  extent,  but  not  rolled.  Perhaps  one  of  the  strongest  pieces  of 
evidence  that  the  older  cave  mammals  mentioned  at  p.  13  lived  in 
this  district  only  at  a  time  previous  to  the  great  ice-sheet  is,  that  so 
far  as  we  know  the  remains  of  none  of  them  (except  of  Cervus  elaphus, 
which  ranges  from  the  Forest-bed  to  the  present  day)  have  been 
found  in  any  of  the  Post-glacial  deposits  of  this  district.  Though  so 
common  in  the  river-gravels  in  the  Midland  and  Southern  counties, 
they  are  never  found  except  in  caves  until  we  get  much  further 
south  or  east.  Leeds,  I  believe,  is  the  nearest  locality  where  they 
occur.  This  would  seem  to  imply  that  their  remains  were  wiped  off 
the  area  by  the  great  ice-sheet  which  occupied  what  is  now  the 
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Irish  Sea  and  its  tributary  riyer-systems,  and  only  left  in  the  shelter 
of  caves  to  which  it  could  have  no  direct  access.  Brown  bear,  horse, 
red  deer,  reindeer,  megaoeros,  the  more  modem  bovid»,  and  other 
more  recent  forms  are  not  uncommon  in  the  Post-glacial  beds ;  but 
the  older  cave  mammals  seem  conspicuous  only  by  their  absence.* 


Y. — Ok  the  Oogurbenoe  of  Goppeb  and  Lead  Obes  nr  the  Buhtee 

CONOLOMEBATES  OF  OaNNOOK  ChABE.' 
By  M^ILLIAM  MOLTVZUZ,  F.Q.S. 

THE  district  known  as  Cannock  Chase  is,  at  the  present  moment, 
the  scene  of  a  series  of  extensive  mining  operations  which,  if 
even  moderately  successful,  will  open  up  a  very  considerable  area  of 
valuable  coal-seams,  computed  at  not  less  than  200,000,000  tons, 
and  push  outwards  a  distance  of  upwards  of  five  miles  the  nothem 
apex  of  the  South  Staffordshire  Coal-field.  This  apex,  as  is  well 
kiiown,  now  rests  on  Brereton,  where  the  Coal-measures  are  thrown 
down  on  the  east  by  a  fault  of  considerable  range  and  influence,  and 
on  the  west  they  are  overlapped  unconformcmly  by  Bunter  con- 
glomerates. From  this  point  the  conglomerates  are  continued  in  a 
broad  unbroken  tract  over  the  Chase  to  within  nbout  four  miles  of 
the  town  of  Stafford,  up  to  which  point  the  mining  investigations, 
to  which  I  have  alludea,  will  be  extended. 

A  little  south  of  Brereton,  in  the  Old  Park  at  Beaudesert,  some 
of  the  shallow  coals,  known  as  the  Old  Park  coals,  and  also  some 
bands  of  ironstone,  were  worked  upwai:ds  of  800  years  ago,  and  in 
all  prob(^bility,  judging,  not  only  from  the  authenticated  condition 
and  value  of  the  works  in  the  time  of  Edward  YL,  but  also  from 
the  size  and  age  of  numbers  of  oak  trees  which  now  stand  on  the 
old  pit  banks,  both  the  coals  and  irou  stone  were  worked  even 
hundreds  of  years  previously.  And  it  is  interesting  to  note,  in 
connexion  with  these  old  coal  workingsy  that  until  the  year  1852  they 
represented  a  distinct  and  isolated  coal  area,  no  coals  having  been 
up  to  that  time  worked  within  a  distance  of  four  miles,  although, 
geologically,  there  is  no  severance  of  the  coal-seams  of  the  Old  Park 
and  those  of  the  other  portions  of  the  field  situated  to  the  south  and 
west. 

The  Cannock  Mineral  Eailway  from  Cannock  to  Rugeley  occupies 
a  valley  which  runs  nearly  north  and  south,  and  unquestionably 
marks  a  line  of  fault  of  considerable  importance.  This  fault  is  laid 
down  in  the  maps  of  the  Geological  Survey,  and  has  long  been  held 
as  determining  the  western  boundary  line  of  the  workable  coal 
seams  of  South  Staffordshire.  West  of  this  valley,  from  a  point 
a  little  south  of  the  town  of  Cannock,  as  far  as  Brocton  and  Milford, 
ranges  the  old  surface  area  of  a  large  portion  of  Cannock  Chase,  the 
greater  part  of  which  is  at  the  present  time  in  a  state  of  Mature. 

1  I  am  pleased  to  find  in  a  Settle  Caves  Exploration  *<  prospectus/'  just  issued  with 
a  view  to  collectiag^  subscriptions,  Mr.  Boyd  L)awkins  has  adopted  my  views  on  these 
important  questions. 

>  Kead  before  the  British  Anociation,  Brighton,  August,  1872. 
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In  the  maps  of  the  Survey  to  which  I  have  alluded,  this  area, 
with  but  a  trifling  exception,  is  laid  down  as  Bunter  pebble- 
beds,  overspread  by  unoonsolidated  conglomerates  of  the  New 
Bed  Sandstone,  and  it  was  in  these  beds,  at  a  place  called  Shore 
Hilly  about  a  mile  north  of  the  town  of  Cannock,  that  I  first 
detected,  about  two  years  ago,  the  copper  and  lead  ore  to  which  this 
paper  refers.  Before,  however,  entering  upon  a  description  of  these 
ores,  I  will  refer  to  the  extension  of  Coal-measures  beneath  the  beds 
of  this  locality  laid  down  as  members  of  the  New  Red  Sandstone. 

Exactly  three  years  ago  the  West  Cannock  Colliery  Company  was 
fonned,  and,  acting  upon  my  advice,  commenced  sinking  a  pair  of 
pits  at  a  point  situated  a  little  over  half  a  mile  on  the  west  side 
of  the  supposed  boundary  fault,  to  which  I  have  drawn  atten- 
tion, and  the  result  was  that  the  whole  of  the  valuable  coal-seams  of 
the  Cannock  Chase  district,  from  the  horizon  of  the  Brooch  coal 
(which  was  struck  at  thirty-five  yards),  were  found  within  a  depth 
of  800  yards  from  the  surface.  The  Coal-measures  were  found 
to  be  covered  up  by  six  feet  of  drift  sand  and  clay  only,  and 
there  is  no  doubt  whatever  that  this  condition,  with  but  little 
variation,  obtains  over  quite  2000  acres  of  country  lying  imme- 
diately around.  I  have  the  further  satisfaction  of  alluding  to  these 
sinkings,  as  they  yielded,  in  a  dark  shale  lying  above  the  greater 
proportion  of  the  workable  coal,  fossils  which  had  never  been  pre- 
viously recorded  as  occurring  in  South  Staffordshire — fossils  both 
generically  and  specifically  identical  with  forms  long  hold  as  con- 
fined to  the  horizon  of  the  basement  beds  of  the  true  coal,  and  the 
Lower  Carboniferous  rocks  of  this  country,  namely,  GoniatiteSj 
Orthoceras,  Posidonia,  Aviculopectenj  together  with  Lingxda  and 
others,  a  complete  list  and  description  of  which  I  hope  to  have  the 
opportunity  of  preparing  hereafter.  I  mention  the  fact  of  the 
occurrence  of  these  shells  in  beds  overlying  a  thick  mass  of  valuable 
coals  by  way  of  suggesting  how  careful  we  should  be  in  forming 
an  opinion  as  to  the  mineralogical  capabilities  of  districts  merely 
from  the  examination  of  isolated  specimens  of  contemporaneous 
organic  life  obtained  from  it.  I  may  remark  that  the  Bunter 
conglomerates  of  Cannock  Chase  are  of  an  exceedingly  interest- 
ing character,  and  probably  there  is  no  other  tract  where  they 
could  bo  studied  or  examined  with  greater  advantage.  They, 
as  is  well  known,  are  made  up  of  an  asbonishing  variety  of  peb- 
bles, every  pebble  being  more  or  less  rounded,  and.  moreover, 
largely  intermixed  with  rolled  fragments  of  Silurian  and  Carbon- 
iferous rocks,  containing  fossils  of  those  formations.  And  it  was 
in  working  up  these  deposits  which  first  led  mo  two  years  ago 
to  visit  the  gravel-pits  which  belong  to  Lord  Hatherton,  at  Shore 
Hill  or  Huntington,  to  which  I  have  alluded.  Tlie  conglomerates 
are  here  exposed  by  a  section  of  from  80  to  100  feet,  and  they 
dip  to  the  west  at  an  angle  of  about  twenty  degrees.  They 
consist  of  the  ordinary  groups  of  pebbles  and  irregular  intersection 
of  sandy  rock,  and  at  about  the  middle  of  the  section  occurs  the 
copper  ore,  in  the  form  of  a  green  carbonate  iutermixed  w\l\i  V\iQ 
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Comparj.  jkln:  acczx  i:i'it±r  n*^  iki'^xrt^.  ^'mmioxixii  ffrnkhig  ft  |i 
of  sLftii^  f.  r  ."mI  f :iir  11LI44  "i*  "iiif  3i:iriL-«k9C  :i  Hunnngtoa  GoH 
Pit*,  ahm  --r  ZLile*  :i»:rui  :r  -ie  ^ix  truimrck  CoIIiecy,  lidf 
mile  ir«4X  :i'  lirf  vlH^  j  f.k;il-  ^-  "wixurh.  I  'aa'*  iIlTided,  and  dfac 
two  milrs  weK  :i  zh^  Er^rf^wii  ■."*■: Llnir-.iHk  TbtsK  wnkingi  00 
mence  in  drlf^  »:i-Ls  ia-i  zrirT^  w^ixii  ic  a  5ffccL  :e  «IeT«i  ferti 
■ttcceeJed  bv  B^ir::er  A'C;;l':cir:nHa.  iad.  3«fr«ii:re^  in  new  red  W 
stone.  Ai  a  d*cch  .-c  -i  fe-»:  frro.  ^ie  scrace  l^ahi  ore  oocoD 
largo  q\uintitir<^  v.:i*5e[n±;irei  irselj  Aai«n;£«:  "lae  zn^.  whkk 
ooarso  and  $et  in  an  ex.:eii*rr^lT  Liri  valcar^'cu  coazIomerat& 
ia  however  by  n.^  rtira::*  ^:crji-5:ca.  :c  r*r*L*&iiir  iz.  irs  occazTCB 
It  extends  only  aK'^ct  Lkl:-wij  ftcr:«i  "ie  fcorx.  »!*  •:•£  the  shaft 
•i>me  instances,  l^ir  i:  a  :';r:2.i  1:  irr^inlir  inMmJa  ia  larger 
■mailer  \iuautitie$.  niix-e^i  'p  ruci:  wi:ii  rue  Ard  ccorse  zraTel.  doi 
wards  to  a  depth  of  io  fi^r:  fr:!n  ih-r  «;irrftce.  At  75  feel  in  1 
shaft  cop{>er  ore  nr«t  *c:Tra  iafrLi.  wi.icL  in.  "r/*  case  is  distiDC 
separated  from  the  I-^L  II.  it^^^-r^z  d.-wnwinis  both  these  0 
are  found  freely  &&*:4H;i^»1i  :.:g»:her.  aci  in  Lirje  qiLindties,  wh 
BO  far  bv  no  means  r^v-t.  tL-r  iier»n:A£7*  cf  :he  Hnniinston  »pi 
mens.  In  this  panicrilar  instance — cLu  isw  the  association  of 
two  ores — the  Fair  Oak  orw  differ  from  th:«e  of  Hundngtcm, 
though  it  is  of  coarse  qcite  prr>bab*.e  that  this  may  not  be  so 
ground  at  present  unexplored.  The  gravel  and  sandstone  are  b 
coarse  and  fine,  and  they  have  the  peculiarity,  by  no  means 
economic  one,  of  being  excessively  hard  and  compact,  and  he 
difficult  to  get  through.  This  is  entirely  due  to  the  calcareous 
ferruginous  properties  of  the  cement  or  paste  in  which  they  are  1 
Tlie  Fair  Oak  oopj>er  ore  is  also  a  green  earbonate.  occasionally  pi 
ing  into  malachite  or  carbonate  and  hydrate  of  copper,  and  th 
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are  alto  in  8ome  specimens  traoes  of  oxide  of  copper.  The  lead, 
which  is  more  abundant  than  at  Huntington,  occurs  in  the  form  of 
ordinary  galena  or  sulphide  of  lead,  but  so  far  no  other  ore,  except 
manganese  and  iron,  have  been  detected,  although  it  is  most  pro- 
bable that  both  cobalt  and  nickel,  and  possibly  tin,  may  exist  in 
small  quantities. 

With  regard  to  the  origin  of  these  ores,  or  under  what  condition 
tbay  were  produced,  I  will  not  here  venture  an  opinion.     I  believe 
they  determine  the  lines  of  some  important  disturbance ;  but,  how- 
e?0r  this  may  be,  their  oocnrreiice  at  these  particular  and  widely 
flflparated  "jpoints  is  certainly  curious,  and  worthy  of  investigation,  and 
probably  other  sinkings  in  the  conglomerates  of  the  Chase  will  help 
to  throw  some  light  on  the  subject.     How  far  they  extend  down- 
wards in  the  conglomerates  the  present  sinkings  will  of  course 
determine;   in  August  last,  they  had  not  been  met  with  below 
108  feet  from  the  surface,  but  copper  made  its  appearance  much 
lower  down.    The  Coal-measures  I  believe  will  be  struck  at  about 
iiO  feet  from  the    surface,  and  I   should   not   be    surprised    to 
find  these  ores  mixed  up  more  or  less  with  the  gravel  and  sand- 
stone down  to  their  base.     I  may  remark  that  copper  ore  of  this 
description  occurs  in  Permian  rocks  near  Barlaston  and  Trentham, 
and  at  other  places  in  Korth  Staffordshire,  and  it  is  also  found  in 
large  quantities  associated  with  lead,  cobalt,  and  other  commercial 
ores,  in  Eeuper  sandstone,  at  Aldeiiey  Edge,  in  Cheshire;  but  I 
myself  am  not  aware  that  at  any  other  locality  than  Cannock  Chase 
have  copper  and  lead  oies  been  found  in  undoubted  Bunter  con- 
glomerate in  England.     I  do  not  in  their  present  form,  and  in  the 
&oe  of  richer  deposits,  attach  much  commercial  value  to  them ;  but 
geologically  they  are  of  much  interest,  and  it  is  these  circumstances 
which  have  led  me  to  publish  the  few  facts  I  have  been  Me  to 
obtain  in  reference  to  them. 


VI.— The  Micboscopic    Characters    of    a   Silo-carbaoid    Book 

FROM    CeTLON  ;    AND   THEIR   BeARIKO  ON  THE   MeTHTLOTIO  OrIGIK 

of  the  Laurentian  '*  Limestones." 

By  William  Kimo,  Sc.D.,  Professor  of  Mineralogy  and  Geology  in  Queen's 

College,  Galway. 

rE   rocks  usually  called   metaraorphic*    may  be   conveniently 
divided  into  two  great  groups— -Silacids  and   Silo-carbacids, 

^  The  term  metamorphie  is  herein  restricted  t<>  rocks  that  have  hccoine  structurally 
changed  or  mineralized.  1  propose  the  term  methylo»i»  {\to\x\  mctn.  cliMiige ;  and  Ay/, 
nhstance)  to  express  therarioas  chemical  changes  which  ceitiiin  rocks  have  undergone 
nnee  their  formation  hy  eliminations  of.  or  addiiions  to  (hoth  proir^^es  acting  simuU 
tmeouely.  or  one  alone)  their  original  substances  to  a  more «»-  less  exti>n  Ihe  changes 
are  analogous  to  those  of  pseudomorphbm  in  minerals.  Ti>is  lust  term  ha>  occasionailv 
been  applied  in  the  case  of  rocks,  out  some  have,  with  much  reiixx  .  urged  that  it 
ought  t<>  bf  confined,  as  originally  understood,  to  chemical  ih.iiigcs  in  cr  s  als  unaccom- 
panied by  any  alteration  of  their  form.  A  term  siimiiir  to  uylosis  (^but 
coming  from  different  roots)  is  in  u>e  among  chemists:  ge<>l*  gists,  U  wcver,  are  not 
likely  to  confonnd  the  two.  Methylotic  rocks,  1  feel  perhuad>d  w  i  prove  to  be 
commoner  than  appears  to  be  known.  They  are  not  altngettier  i-omH  itd  t<»  meta- 
Borphic  associations ;  as  sume  — such  as  coal,  magnesiaa  iime&to\i« .     ViVv^tv^  «:^<^ 
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depending  on  the  nature  of  their  respective  acid  oonstitnent.  The 
first  comprises  syenites,  gneisses,  and  ordinary  crystalline  schists  — 
all  essentially  composed  of  mineral  silicates.  The  second  includes 
ophites,  urkalks,^  and  some  others,  which,  in  addition  to  siliceous 
minerals,  contain  more  or  less  mineral  carbonates.' 

It  is  chiefly  with  the  second  group  that  the  present  communication 
is  concerned. 

Although  a  number  of  highly  valuable  researches  on  the  micro- 
scopic stnicture  of  the  silacid  rocks  have  been  published,  it  is 
remarkable  that  very  little  attention  seems  tQ  have  been  paid  to 
similar  investigations  in  the  silo-carbaoid  group.  Excepting  certain 
papers  that  have  appeared  respecting  one  of  its  members,  noted  for 
containing  the  so-called  "Eozoon"  (the  constructors  of  which, 
however,  took  little  notice  of  anything  that  was  clearly  of  crystal- 
line origin),  geological  literature  presents  a  blank  as  regards  the 
microscopy  of  the  group ;  the  more  surprising,  as,  apart  from  the 
belief  in  tiie  above  reputed  "organism,"  the  silo-carbacid  rocks  form 
a  subject  of  considerable  importance  in  theoretical  geology  ;  the 
question  as  to  their  origin  having  evoked  at  different  times  some 
lively  discussions,  and  the  most  opposite  views.  I  cannot,  therefore, 
too  strongly  recommend  them  for  examination  to  investigators  of 
mioro-lithology. 

Fortunately,  the  examination  of  the  silo-carbacid  rooks  is  com- 
paratively inexpensive,  and  attended  with  uncommon  facilities.  No 
sections,  unless  for  supplementary,  or  optical  purposes,  are  required. 
Mere  chips,  after  remaining  in  a  weak  solution  of  hydro-chloric  acid 
for  a  few  hours  (decalcification,  as  it  is  called),  will  display  under 
the  microscope  the  siliceous  minerals  freed  from  the  associated 
mineral  carbonates,  with  every  peculiarity  of  form,  condition,  and 
grouping,  in  a  highly  instructive  manner. 

In  conjunction  with  my  colleague.  Dr.  T.  H.  Rowney,  I  have  lost 
no  opportunity  of  late  years  in  investigating  the  structure  of  these 
rocks ;  while  in  the  joint  memoirs  we  have  published  many  of  our 
observations  are  minutely  described.' 

serpentinoos  ar^Uites,  etc. — are  intimately  associated  with  unaltered  rocks.  A 
dep<»8it  in  Co.  Antrim,  agreeing  with  tjrpical  bauxite  in  being  a  hydro-oxvferriferous 
alumina  (and  which  has  been  worked  by  Dr.  Ritchie,  of  Belfast,  who  has  kindly 
furnished  me  with  specimens),  is  seemingly  a  methylotic  product,  derived  from  basalt 
by  the  elimination  of  silica,  and  the  addition  of  water,  etc. 

'  I  adopt  this  name  fr«»m  Werner,  thou^jh  it  is  re8t«»ring  one  about  as  objectionable 
as  gneUs  and  some  others  curren".  in  Geolof»y.  I  have  long  thought  of  proposing  the 
name  akerlyte  for  a  similar  crystalline  calcareo-siliceous  rock,  occurring  at  Aker  m 
Sweden ;  but  probably  one  of  Brongniart*s  names,  caleiphyre  and  hemiireney  of  a 
later  date  than  Werner's,  will  prove  to  be  a  synonym. 

'  Apatite  and  magnetite  occasionally  prevail  to  such  an  extent  amongst  the 
I^urentian  metamoi  phics  of  Canada  as  to  form  phosphatic  and  oxiilic  sections  of  the 
silo-carbaoid  gr«»up.  There  are  other  rocks  present,  in  which  mineral  carbonates 
occur  so  sparsely  as  to  merge  tliem  closely  into  th**  silacid  ^roup ;  on  tiie  other  hand, 
it  is  conceivable  that  others  exist  in  which  the  mineral  silicates  may  be  reduced  to  a 
▼cry  small  per-centage. 

'  See  Quarterly  Journal  of  the  Geological  Society,  vol.  xxii.,  1^66  ;  and  voL  xxr., 
;  also  Prociedings  ot  the  iioyal  Irish  Academy,  vol.  x.,  1870;  and  Jd.^  new 
▼ol.  i.,  1871. 
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Ophites  and  urkalks  respectively  represent  two  seotions — hydrons 
and  anhydrous — into  which  the  silo-carbacids  may  be  divided.  The 
first  consists  essentiiedly  of  the  hydrated  siliceons  mineral,  serpentine 
and  its  varieties,  more  or  less  intermixed  with  mineral  carbonates, 
chiefly  calcite  and  dolomite.  The  second  is  coiistituted  of  anhydrous 
alioeous  minerals,  related  to  amphibole  and  pyroxene,  associated 
with  mineral  carbonates.  Various  other  species  —  silicates  and 
carbonates,  and  some  with  dififerent  acids — are  rarely  absent  in  both 
lections. 

The  presence  of  serpentines,  or  of  amphiboles,  is  readily  indicated; 
the  former  by  having  usually  a  conchoidal,  and  the  latter  an  even- 
pkne  (cleavage)  divisional  structure.  Both  kinds  of  minerals  also 
oooor  in  the  granular,  asbestiform,  lamellar,  and  other  conditions. 

Silo-carbacid  rocks  seem  to  be  seldom  absent  wherever  meta- 
morphism  has  played  an  important  part ;  and,  although  undoubtedly 
of  widely  different  geologiod  ages,  they  are  found  most  extensively 
developed  in  the  very  oldest  systems,  especially  the  Laurentian.  It 
was  on  this  account  that  Werner  named  the  rocks  of  the  anhydrous 
section  urkalks. 

During  the  present  year  several  varieties  of  ophite  and  urkalk 
from  India  and  Ceylon  have  come  under  my  notice.  They  are  of 
soch  interest  in  many  respects  that  I  hope  to  be  able,  along  with  my 
ooUeague,  to  describe  them  in  detail  on  a  future  occasion.  I  have 
thoQ^t  it  necessary,  however,  to  draw  up  the  present  preliminary 
paper,  as  some  time  may  elapse  before  our  observations  on  all  these 
aoqaisitions  are  completed. 

Captain  Bayley,  P.  and  0.  agent  at  Galle,  has  kindly  furnished 
me  with  the  specimens  from  Ceylon,  as  well  as  a  number  of  precious 
stoDes.  The  former  were  procured  on  an  estate  of  his  situated 
adjacent  to  and  below  the  Haughton  Plains.  I  am  not  in  a  position 
to  speak  of  the  mode  of  occurrence  or  geological  age  of  the  rock, 
which  for  some  reason  or  other  is  called  dolomite ;  but  being  evi- 
dently a  member  of  the  great  metamorphic  series,  so  remarkably 
developed  in  the  island,  it  may  very  probably  be  Primordial. 

As  is  the  casd  with  many  of  the  so-called  dolomites  occurring  in 
Canada  and  elsewhere,  the  rock  imder  notice  contains  but  an  insig- 
nificant amount  of  any  mineral  carbonates  ;  silicates  being  the 
predominant  constituents. 

By  slightly  decalcifying  portions  of  it,  the  carbonates,  principally 
calcite,  are  partially  dissolved  out,  and  the  silicates  remain.  Under 
the  microscope  the  latter  are  seen  to  consist  for  the  most  part  of 
what  appears  to  be  wollastonite  (silicate  of  lime),  in  irregular-sized 
gndns  confusedly  aggregated,  or  occurring  singly, —  each  grain  being 
distinguished  by  its  individual  set  of  cleavage  divisions.  At  first 
sight  this  mineral  might  be  taken  for  malacolite  (silicate  of  lime 
and  magnesia) — a  variety  of  pyroxene;  but  careful  observations 
show  that  it  has  two  prismatic  cleavage  intersections,  which  form 
a  more  compressed  rhombic  solid  than  the  one  belonging  to  the  last- 
named  mineral;  the  prism,  in  short,  more  closely  resembles  the 
primary  of  amphibole.    Dr.  Eowney  has  not  yet  had  an  opport\xxi\\.^ 
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of  analyzing  the  mineral ;  but,  considering  it  is  slightly  soluble  in 
dilute  hydrochloric  acid,  the  solution  gelatinizing  when  concreted, — 
that  it  has  a  somewhat  pearly  lustre,  and  is  ni£her  easily  out  with 
the  point  of  a  knife,  we  are  led  to  refer  it  to  wollastonite  rather 
than  to  any  of  the  amphiboles :  it  moreover  appears  to  agree  with 
the  former  mineral  in  its  cleavage. 

The  aggregations  are  generally  in  contact;  but  there  are  often 
separations  between  them  varying  much  in  widths  and  filled  with 
calcite.  The  wide  separations  contain  isolated  aggregations,  as  well 
as  single  grains,  of  various  sizes :  those  that  have  not  dropped  out 
or  been  detadied  consequent  on  decalcification  remain  partially 
imbedded  in  the  undissolved  calcite.  Interspersed  amongst  both 
the  wollastonite  and  calcite  occur  here  and  there  microscopic  gems 
of  difierent  kinds ;  while  the  common  mineral  silicates  —  ser- 
pentine, (?)  chondrodite,  and  others — are  occasionally  present. 

The  precious  stones,  which  appear  to  be  variously-coloured  spinels 
— purple  principally,  opalescent  moon-stone,  and  green  chrysolite, 
have  no  definite  form ;  being  spheroidal,  egg-shaped,  more  or  less 
cylindrical,  or  lobulated.  They  have  polished  surfaces,  and  seldom 
display  cleavage.  A  few  present  traces  of  angles,  edges,  and  planes, 
rendering  it  impossible  to  resist  the  conclusion  that  they  are  all 
defaoetted  ciystiUs  which  have  been  acted  on  by  solvents  that  pene- 
trated their  imbedding  rock. 

The  same  conclnsion  attaches  to  the  wollastonite,  as  its  various 
aggregations  and  single  grains  display  the  plainest  evidences  of 
waste,  both  internally  and  externally.  Their  cleavage  divisions 
(each  formed  by  two  juxtaposed  planes  in  immediate  contact  in 
minerals  unaffected  by  disintegration)  are  of  considerable  width, 
and  filled  with  calcite.  The  single  grains,  also,  are  without  any 
definite  form ;  and,  although  their  cleavage  is  well  suited  for  pro- 
ducing the  bounding  planes  of  a  rhombic  prism,  their  exterior  is 
rarely  otherwise  than  jagged,  variously  excavated,  or  irregularly 
rounded.  Isolated  fragments,  reduced  to  mere  skeletons,  occur  as 
plates,  rods,  films,  and  shreds;  or  under  a  variety  of  forms — 
arborescent,  curving,  and  infundibular.  When  th^  latter  are  in 
clusters — with,  as  is  often  the  case,  a  radiating,  diverging,  or  brush- 
like arrangement  in  each  cluster — ^their  beauty,  increased  by  their 
translucency  and  pearly  lustre,  altogether  surpasses  description. 
And  the  sight  is  still  more  striking  where  the  field  of  view  is 
additionally  bedecked  with  different  coloured  gems. 

The  configurations  of  wollastonite  vividly  recall  to  my  mind  the 
typical  examples  of  what  have  been  erroneously  considered  as  ''  casts 
of  tubuli  of  the  canal  system  of  Eozoon."  Finer  examples  are  not 
to  be  seen  in  the  Canadian  ophites.  In  these  rocks  they  invariably 
consist  of  silicates, — generally  serpentine,  and  ooceuiionally  a  variety 
of  amphibole,  or  of  pyroxene. 

It  remains  to  be  mentioned  that  the  Ceylon  rock  has  precisely 
the  same  characters  as  a  spineliferous  urkalk  (akerlyte)  occurring  at 
Aker  in  Sweden.  The  principal  mineral  silicate  of  the  latter  was  for- 
merly considered  by  Dr.  Bowney  and  myself  to  be  malaoolite ;  but  we 


yw  i^xot^j  inoHiied  to  legud  ft  as  wolfawtoiuto :  be  tUt  is  ft 
tlie  beaatiM  oonflgnni&nu  it  has  giTen  rise  tO|  mA  whidi 
been  ebewhexe  notioed  by  ns,^  ai«  stnotly  ubstfeol  lii  evety 
with  the  prarionsly  desGribed  Examples.  The  Aker  mkalk 
Aot  appear  to  be  so  ^emmiferoas  as  the  one  from  Oeylon,  it 
^  only  yielded  to  ns  violet-oolonzed  jpuiels  and  fragments  of  a 
▼itreons  mineial  that  looks  like  ohrysolite. 
>  late  Dr.  Da^,  in  his  memoir,  "  On  the  Geology  and  Hiner- 
of  Oeylon,*'  written  in  1818,  and  published  in  to],  y.  of  the 
actions  of  the  Geological  Society,  notioes  a  "  oakareons  bmx 
y  of  Gndss,**  and  a  ''dolomitio  rook":  both  axe  piobwiy 
r  to  the  nrkalk  desoribed  in  this  oommonication.  It  would 
r  from  his  aooonnt  that  the  silaoid  rooks  form  the  matrix  of  the' 
xnis  precious  stones  found  in  the  alluviums  of  Ceylon.    I 

that  carbuncles,  topazes,  ohrysoberyls,  eta,  may  haye  been 
id  from  the  gneisses,  and  the  usually  associated  crystalline 
I ;  but  from  what  the  urkalk  reveals  under  the  microBbope  I 
1  to  believe  that  caldtio  or  dolomitio  rooks  of  the  kind  have 
d  the  more  valuable  gems.  I  cannot  speak  with  confidence 
ipphire  is  present  in  any  of  Oaptain  Bayley's  specimens ;  but 
B  found  in  the  urkalks  of  the  United  States,  Ural,  Hindostan, 
,  and  other  countries,  the  fact  may  be  accepted  as  strongly 
matory  of  my  belief. 

bas  long  been  known  that  the  silo-carbacid  rocks  contain  a 
y  of  minerals  with  the  angles  and  faces  of  their  crystals 
mtly  in  a  rounded  condition.  Some  have  suggested  that  this 
iarify  is  the  result  of  partial  fusion ;  while  others  contend  that 
the  effect  of  the  solvent  action  of  heated  watexy  solutions, 
latter  is  the  view  which  has  been  adopted  by  myself  and 
gue.  I  am  not  aware,  however,  that  any  one,  except  ourselves, 
fered  the  solvent  theory  to  account  for  the  present  form  of  the 
IS  configurations  in  serpentine,  malacolite,  and  wollastonite, 
sterizing  ophites  and  urkalks ;  or  that  the  process  it  involves 
daily  accomplishes  their  total  removal    Oareful  observations 

as  it  were,  the  process  in  operation  in  these  rocks,-— oom- 
ng  with  the  disintegration  of  their  component  mineral  silicate, 
±,  gradually  removing  it  (isolated  portions  of  which,  through 
liar  decretion,  are  made  to  assume  all  the  imitative  shapes 
3teri8tic  of  the  configurations),  with  simultaneous  replacement 
Lomite,  or  calcite, — ^and  ceasing  on  its  complete  elimination, 
phenomenon  is  evidently  due  to  chemical  changes  or  methylosis, 
pent  on  the  presenoe  in  the  rock  of  a  permeating  solvent 
Ining  carbonic  acid  (?  atmospheric  in  its  origin),  simple,  or  in 
nation — an  agent  fully  capable  of  displacing  the  silica  of  the 
[urations,  and  substituting  a  new  constituent 
rthermore,  many  geologists  have  been  struck  with  the  peculiar 
I  of  occurrence  of  silo-carbaoid  rocks, — intrusive  or  eruptive- 
)onfusedly  crumpled  between  comparatively  undisturbed  beds, 

^  Proeeedingi  of  the  Royal  Irish  Academy,  toL  x.,  1B70. 
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disGonneoted  blocks  and  lentioular  sheets, — ^peculiarities  held  to  be 
inexplicable  on  the  idea  that  they  are  in  any  way  related  to 
sedimentation.  While  some  have  left  the  difficulty  to  be  cleared  up 
by  future  investigations,  a  few  who  have  studied  pseudomorphism 
in  minerals  meet  it  by  contending  that  in  the  cases  referred  to  the 
same  phenomenon,  accompanied  by  new  mineral  arrangements,  has 
been  developed. 

So  much  may  be  urged  in  favour  of  this  view,  that  I,  with  my 
colleague,  have  decided  on  adopting  it  to  explain,  not  only  the  origin 
of  urkalks  and  ophites,  including  the  rocks  last  noticed ;  but  also 
the  '^  great  beds  of  limestone,"  which  in  Canada  characterize  the 
Laurentian  system.  The  same  laws  by  which  felspar,  garnet,  and 
other  mineral  silicates  are  changed  into  calcite  (cases  of  the  kind 
being  well  known),  can  operate  under  the  necessary  conditions- 
say,  hydro-plutonic^in  converting  widespread  strata  of  silacid  rocks 
into  the  above  so-named  beds.  Most  of  the  latter,  there  are  strong 
grounds  for  believing,  are  urkalks :  some  of  them,  however,  may 
be  so  sparsely  charged  with  mineral  silicates  as  to  justify  to  some 
extent,  and  in  their  particular  case,  the  name  that  has  been  given 
to  the  entire  series  by  the  Canadian  geological  surveyors. 

In  considering  the  order  of  the  changes  which  the  Laurentians,  as 
a  whole,  have  passed  through,  according  to  the  doctrine  under  dis- 
cussion, it  must  not  be  overlooked  that  this  great  Eock-system 
includes,  besides  its  vast  beds  of  every  variety  of  syenite,  gneiss, 
etc.,  other  members  which,  although  essentially  formed  of  the 
minerals  constituting  such  beds,  contain  chrysolite,  loganite,  serpen- 
tine, malacolite,  chondrodite,  pyrallolite,  talc,  pargasite,  magnetite, 
wollastonite,  apatite,  etc.,'  with  appreciable  amounts  of  mineral 
carbonates : '  the  members  alluded  to  may  be  referred  to  the  fiirzi 
stage.  Typical  ophites  and  urkalks,  still  largely  made  up  of  the 
above  mineral  silicates,  but  in  which  there  is  a  notable  increase  of 
dolomite,  or  calcite,  ought  to  be  considered  as  belonging  to  the 
second  stage.  While  the  purer  ''limestones,"  in  which  it  may  be 
assumed  the  mineral  carbonates  have  gained  the  ascendency,  will 
have  to  be  allocated  in  the  third  stage. 

In  conclusion,  taking  for  granted  that  the  Laurentian  rocks  are 
metamorphosed  sediments  (silicates)  derived  from  earlier  or  pre- 
existing masses  of  similar  chemical  composition,  I  have  no  hesita- 
tion in  accepting  the  conclusion — that  the  methylosis  herein  roughly 
sketched  out,  or  some  analogous  process,  began  after  the  sediments, 
affected  by  it,  had  become  mineralized  into  syenites,  gneisses,  and 
the  like  ;^  and  ended  by  their  being  converted  into  ''  limestones." 

^  Whaterer  particular  yiew  may  be  taken  of  pfleudomorphic  processee,  I  am 
strongly  inclinea  to  believe  that  the  yarious  minerals  mentioned  in  the  text  are 
seconoanr  prodncts,  resulting  f^om  chemical  changes  in  syenites,  gneisses,  etc. 

'  Kalk-diorite  and  kalk-glimmerschiefer  of  the  Germans  seem  to  belong  to  this 

fronj).     Ealk-diabase  and  Iherzolite  appear  to  be  younger  rocks,  whose  calcite  may 
e  original,  or  it  may  have  been  deriyed  from  limestones  older  than  themseWes ;  and 
I  am  aisposed  to  admit  that  much  of  the  calcitio  orkalk  (not  the  dolomitic)  of  Con- 
nemara,  apparently  Lower  Cambrian  in  age,  may  be  a  simply  metamorphosed 
calcareous  rock. 
'  It  is  eyen  probable  that  chemical  changes  commenced  while  the  Laorentiaii 
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yil. — ^BlOORAPHIOAIi  NOTIOB  OF  JoHN  FaBBT,  GkOLOOIST. 
By  W.  SnPHBN  Mitohsll,  LL.B.,  F.L.S.,  F.G.S. 

Sources  of  Information. — ^The  short  notice  in  the  "  Monthly 
Magazine"  for  Jan.-Jnne,  1826,  is,  so  far  as  I  know,  the  only  printed 
aouroe  from  which  any  account  of  his  life  can  be  obtained.  The 
notices  in  the  "Annual  Biography  and  Obituary,"  1827,  the  "Annual 
Register,"  1826,  and  "Hose's  Biographical  Dictionary,"  are  but  re- 
prints from  this,  with  some  omissions  and  verbal  alterations.  His 
name  does  not,  I  believe,  appear  in  any  other  biographical  dictionary 
or  register. 

Hie  lAfe,  —  He  was  bom  at  Wobum,  in  Bedfordshire,  in  1766, 
where  he  received  a  common  school  education ;  but  showing  studious 
habits  he  was  at  sixteen  sent  to  a  school  at  Halifax,  in  Yorkshire. 
Here  the  master  was  so  pleased  with  him  that  "he  gave  him 
gratuitous  instruction  in  mathematics  and  philosophy."  [Query, 
What  would  the  term  '  philosophy'  embrace  ?]  He  also  studied  draw- 
ing and  surveying,  and  was  recommended  to  the  notice  of  the 
celebrated  Mr.  Smeaton.  He  had  the  good  fortune  to  become  known 
to  the  late  Duke  of  Bedford,  and  in  1792  was  appointed  his  steward, 
and  lived  at  Wobum  till  the  Duke's  death  in  1802.  He  married 
early,  had  a  large  family,  and  died  at  his  house  in  Howland  Street, 
London,  Jan.  6th,  1826. 

This  is  all  we  can  learn  from  the  Monthly  Magazine.  We  are 
not  told  what  was  the  effect  of  his  introduction  to  Smeaton,  nor 
what  became  of  him  after  the  death  of  the  Duke.  We  know  that 
during  portions  of  the  years  1807-10  he  was  engaged  on  a  survey 
of  "  the  agriculture  and  minerals  of  Derbyshire,"  and  in  his  Report 
to  the  Board  of  Agriculture,  published  in  1811  (vol.  i.)  and  1813 
(vol.  ii.),  he  is  described  on  the  title-page  as  "Mineral  Surveyor,  of 
Upper  Crown  St,  Westminster." 

What  important  works  Mr.  Farey  may  have  executed  as  a  Surveyor 
I  do  not  know.  But  Mr.  Farcy's  publications  have  an  interest  for 
geologists  from  the  fact  that  they  contain  the  first  printed  reference 
to  the  discoveries  of  Wm.  Smith,  the  first  published  geological  map 
[that  of  the  county  of  Derby],  and  the  first  printed  list  of  the 
sequence  of  strata  based  on  palaeontological  data.  The  paper  in 
which  he  first  refers  to  the  discoveries  of  Smith  is  one  in  the  Phil. 
Mag.,  vol.  XXV.  (1806),  pp.  44-49,  "On  the  Stratification  of  England: 
the  intended  Thames  Archway,"  etc.  Mr.  Farey  had  met  with  Wni. 
Smith  in  1802,  and  had  learned  from  him  the  results  of  his  dis- 
coveries. 

Mr.  Smith,  in  a  letter  to  Mr.  Richardson,  of  Bath,  dated  from 
Wobum,  Feb.  1,  1802,  writes:  "The  last  week  was  spent  in  sur- 
veying distant  properties  belonging  to  the  Duke,  and  investigating 

sediments  were  andergoing  metamorphism.  Mr.  J.  Arthur  Phillips  has  made  known 
tome  highly  Taluable  and  suggestive  facts,  which  seem  to  show  that  Cornish  Killas 
or  slate  rocK  is  marked  by  a  decrease  of  silica  and  alumina,  and  an  increase  of  water 
and  magnesia  (or  lime  in  some  cases),  the  more  it  assumes  a  mctamorphic  condition- 
thus  passing  into  a  substance  approaching  to  serpentine.  (See  Philosophical  M  agazine, 
Febroary,  1871.) 
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the  country  for  many  miles  in  different  direotions  as  far  as  Ayles- 
bury, accompanied  by  the  land  steward  (Mr.  Farey)  and  Mr.  Bevan, 
of  Leighton,  ....  to  examine  the  praotibiliiy  of  my  arrangement 

of  strata. They  both  returned  complete  converts/' — 

Phillips's  Memoirs  of  Smith,  p.  40. 

From  this  time  Mr.  Farey  was  an  ardent  follower  and  warm^ 
advocate  of  Wm.  Smith.  Dr.  Fitton,  in  an  article  communicated 
to  the  Edinburgh  Eeview,  vol.  xxix.,  No.  68,  1818,  writes :  "  Mr. 
Farey,  the  other  ....  friend  of  Mr.  Smith,  is  himself  a  geological 
observer  of  great  activity  and  unwearied  perseverance;  and  if 
zeal  were  the  only  qualification  of  an  editor,  there  could  not  have 
been  any  person  better  fitted  for  the  task.  But  the  patronage  of 
this  gentleman  is  really  a  little  too  vehement,  and  of  such  a  sort 
that  if  we  wished  to  insure  the  fidlure  of  a  valuable  performance, 
we  should  begin  by  recommending  it  to  his  protection." 

He  wrote  some  very  strong  articles  in  support  of  Wm.  Smith's 
claim  to  consideration  as  an  original  discoverer:  for  example,  his 
papers  in  the  Phil.  Mag.  on  <'  Mr.  Smith's  Claims  stated,"  "  Geo- 
logical remarks  on  Messrs.  Ouvier  and  Brongniart's  '  Environs  of 
Paris,' "  etc.,  eta 

In  1811  Mr.  Farey  gave  to  the  world  a  more  careful  account  of 
the  strata  of  England,  as  ascertained  by  Mr.  Smith.  He  had  been 
engaged  by  the  Board  of  Agriculture  to  write  the  General  View  of 
the  Agriculture  and  Minerals  of  Derbyshire  for  their  County  Beports, 
which  they  were  then  having  made  for  the  whole  of  England. 
There  had  been  already  a  Beport  on  Derbyshire  by  Mr.  Brown,  but 
this  was  superseded  by  the  Beport  of  Mr.  Farey,  which  was  there- 
fore called  a  reprint.  This  work  was  written  according  to  a  plan 
laid  down  by  the  Board.  But  in  Section  4,  before  the  Description 
of  the  Soils,  he  inserted  a  series  of  paragraphs  with  the  following 
titles » :— 

"The  Knowledge  of  Stratified  Masses  important"  (p.  105). 

''  Stratified  Masses  defined  "  (p.  106). 

''  Sections,  or  Cutting  of  Stratified  Masses,  considered  "  (p.  106). 

''  Application  of  the  above  to  the  Stratification  of  England,  ac- 
cording to  Mr.  Wm.  Smith,  of  Buckingham  Street "  (p.  108). 

"  General  dip,  or  Declination  of  Strata  towards  the  S.E.  (p.  108). 

''Continued  Basset  of  Strata  across  the  Island  "  (p.  108). 

"  Discrimination  of  Alluvial  Matters  "  (p.  109) . 

''Particular  Organic  Bemains  peculiar  to  particular  Lamina  of 
Strata  "  (p.  109). 

"  Order  of  the  British  Series  of  Strata  "  (pp.  Ill  to  116). 

''Bagshot-heath  Sand,  London  Clay,  and  Blackheath  Sand"  (p.  111). 

"Flinty  Chalk,  Hard  Chalk,  Chalk  Marl  "  (p.  112). 

"  Aylesbury  Limestone,  Sands,  Clays ;  Sussex  Marble ;  Wobum 
Sand"  (p.  112). 

"Clunch  Clay;  Bedford  Limestone,  Clay;  Bamack  Bagstone, 
Collyweston  Slate,  Sand,  Bath  Freestone  "  (p.  118). 

^  Farey's  "  Derbyshire,"  contents,  p.  zxviii. 
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^< Portland,  and  Bath,  and  Eetton  Limestone;  Nortliampton  Stone, 
Sands,  Clays;  Maidwell Limestone  Clay"  (p.  114). 

**  Lias  Clay  and  Limestone  Strata  "  (p.  114). 

"  FoEolanic,  or  Water  Lime  of  Barrow-on-Soar,  Leicestershire," 
(p.  114). 

"  White  Lias,  Balderton  Sand,  Red  Marl "  (p.  115). 

Followed  by  a  "  Theory  of  Dislocated  and  Denudated,  or  Cut 
Stratified  Masses,"  which  is  illustrated  by  fifty-six  coloured  drawings. 

I  do  not  know  why  Farey  stopped  at  the  Red  Marl  in  giving  an 
acoonnt  of  Smith's  Imowledge  of  the  Strata,  for  Mr.  Smith  certainly 
had  a  knowledge  that  Coal  and  the  Limestone  come  underneath. 

At  the  end  of  the  first  volume  of  Sowerby's  Mineral  Conchology 
is  a  Supplementary  Index,^  arranging  the  shells  described  therein 
acoording  to  the  several  strata  in  which  they  are  found  imbedded, 
from  the  newest  towards  the  oldest  in  the  British  series.  The  strata 
referred  to  are  those  as  classified  in  Mr.  Smith's  map.  This  was 
kept  np  in  subsequent  volumes. 

The  Royal  Society  Catalogue  contains  a  list  of  Mr.  Farcy's  papers, 
to  which  he  signed  his  name,  among  them  are  many  on  music  But 
there  are  many  anonymous  papers  of  his  besides,  such  as  those  in 
the  Monthly  Magazine.  I  shall  be  glad  to  know  if  any  one  can  say 
whether  he  did  not  write  some  of  the  articles  in  Rees'  Encyclopaedia, 
e.g.  "  Grand  ridge,'*  «  Strata,"  etc. 

As  he  was  so  warm  a  supporter  of  Smith,  it  seems  strange  that 
the  memoir  in  the  Monthly  Magazine  contains  no  reference  to  his 
having  received  his  first  geological  knowledge  from  him,  but,  on  the 
contrary,  says  he  obtained  his  success  from  following  the  proposals 
of  the  Duke  of  Bedford.  In  many  of  the  writings  about  this  date 
there  seems  to  have  been  an  intentional  suppression  of  reference  to 
Smith  in  places  where  it  might  justly  be  expected.  Can  any  ex- 
planation for  this  be  offered  ? 


I. — QeoiiOOIca.l  Subvey  of  India. 

1. — Mkmoibs  op  the  Geological  Survey  op  India,  Vol.  YIII., 

Part   1.     1872. 

THIS  Part  comprises  an  elaborate  Memoir  by  Mr.  William  King, 
jim.,  B.A.,  on  the  Kadapah  and  Kamul  Formations  of  the 
Madras  Presidency.  This  series  of  rocks  has  been  hitherto  known 
by  such  names  as  the  "Diamond  Formation,"  "  Clay  Slate  Formation," 
and  **  Old  Red  Sandstone,"  names  which  have  proved  inapplicable, 
therefore  those  of  the  districts  they  occupy  have  been  applied  for  the 
two  formations  under  which  the  different  groups  of  rocks  can  be 
classed.  Mr.  King  states  there  are  good  grounds  for  believing 
that  they  may  eventually  turn  out  to  be  partly  representative  of 
the  great  Vindhyan  series  of  India,  and  of  a  possibly  underlying 

^  **For  thig  supplementary  index  I  am  (says  Sowerby)  indebted  to  my  indefatigable 
friend  Mr.  John  Farey.'* 
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formation.  It  is  not  certain  that  they  are  of  Palsdozoio  age ;  they 
may  even  be  older  than  this,  but  according  to  present  knowledge, 
they  are  Azoic,  for  no  traces  of  life  have  been  found  in  them.  These 
Kadapah  and  Kamul  rocks  rest  upon  the  Crystalline  rocks  or 
Gneissic  series,  which  occupy  a  narrow  belt  of  country  all  round  the 
outermost  boundaries  of  the  newer  rocks. 

They  consist  of  a  great  succession .  of  Clay-slates,  Quartzites, 
Limestones,  and  Shales,  with  Traps,  and  constitute  two  unconform* 
able  series,  the  older  of  which  is  largely  developed  in  the  Kadapah 
(Cuddapah)  district,  while  the  younger  is  developed  in  the  Eamul 
(Eumool)  district. 

After  pointing  out  the  physical  structure  of  the  country,  Mr. 
King  describes  the  two  formations  in  detail. 

In  the  Eamul  formation  there  is  a  series  of  Quartzites,  Sandstones, 
Grits,  and  Pebble-beds,  which  might  be  called  the  Diamond-bearing 
Group,  as  until  lately  there  was  no  knowledge  of  diamonds  having 
been  found  in  any  other  set  of  rocks  of  either  the  Kamuls  or 
Eadapahs.  The  old  diamond- workings  near  Oostapully,  on  the  left 
bank  of  the  Eistnah,  have  however  been  visited  by  Dr.  Oldham, 
who  considers  that  they  were  executed  in  quartzites  of  the  Eadapah 
series.  A  local  name  has,  therefore,  been  adopted  for  the  diamond- 
series  of  the  Eamul  formation — it  is  called  the  Banaganpilly  Group. 
This  group  forms  a  capping,  10  to  20  feet  in  thickness,  resting 
unconformably  on  a  much  older  set  of  shales  and  traps.  This 
capping  is  pierced  by  shafts  15  feet  or  less,  from  the  bottoms  of 
which  horizontal  galleries  are  driven  to  get  at  the  seams  of  diamond 
gangue.  While  the  rocks  of  this  group  are  hard  and  vitreous  where 
exposed  to  the  atmosphere,  down  in  the  shafts,  owing  largely  to 
the  confned  moisture,  the  rocks  are  quite  unaltered,  and  it  is  in 
more  or  less  clayey  and  shaly  seams  of  pebble-beds  that  the  dia- 
monds are  found. 

The  main  resources  of  the  Eamul  and  Eadapah  formations  are 
diamonds,  copper,  lead,  iron,  and  building  materials.  Their  mode 
of  occurrence  and  economic  value  are  pointed  out,  and  where 
necessary  the  report  is  illustrated  with  sketches  and  geological 
sections.  It  is  essentially  a  volume  of  practical  geology,  the  total 
absence  of  organic  remains  depriving  the  formations  of  a  good  deal 
of  the  interest  they  would  otherwise  have  to  those  not  specially 
interested  in  the  economic  geology  of  the  district.  Nevertheless 
the  field  geologist  will  find  much  to  interest  him  in  the  descriptions 
of  the  rocks,  and  in  the  explanations  of  the  many  complications  of 
structure  which  they  present. 


2. — The  Geology  of  Mount  SfBBA.N,  in  the  Uppbe  PunjIb. 
By  W.  Waaokn,  Ph.D.,  and  A.  B.  Wynne,  F.G.S.,  Geological 
Survey  of  India. 

THIS  mountain,  which  has  an  elevation  of  6243  feet,  with  an  elon- 
gated oval  base,  is  one  of  the  most  lofty  of  the  Hazara  Hills, 
a  portion  of  those  which  form  the  outer  spurs  of  the  north-western 
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Himalaya^  bordering  the  Upper  Panjdb.  The  geological  stmoture 
is  interesting,  as  it  affords  an  epitome  of  much  of  the  geology  of  the 
north-west  frontier  of  British  India,  nearly  the  whole  series  known 
being  present;  those  unrepresented  being  chiefly  the  older  crystalline 
and  the  newer  portions  of  the  Tertiary  rocks. 
The  following  is  the  succession  in  descending  order  : — 

6. — ^NuMKirunc.  Thick  limestones  with  some  shales— fossils  in  plaoes. 

(Thin-bedded   limestones  —  apparently  without  fossils. 
Impure  ferru^nous  sandy  limestone,  weathering  rusty 
— fossils. 
4. — JritASSic.  Black  Spiti  shales. 

Unconformity, 

1     TsTAOflrn  /  Thin-bedded  limestones  and  slaty  shales.   Dolomite  lime- 

j— iRiABSic.  j     ^^j^g .  foggiiiferous  {Megalodon  and  other)  beds. 

2. — Bklow  THi  Tbiab.       Haematite,  dolomite,  quartsite,  sandstone,  and  breccia. 

Unconformity, 
1. — Sbio-C&tstallinb.       Attock  (P)  slate. 

Two,  if  not  more,  unconformities  have  been  observed — one  between 
the  Jurassic  and  Triassic  series,  and  the  other  between  the  semi- 
crystalline  rocks  and  the  beds  above  them. 

1. — The  lowest  or  Attock  slate  series  are  unfossiliferous,  but  may 
possibly  be  of  Silurian  age. 

2. — The  succeeding  series  is  also  unfossiliferous,  and  is  totally  un- 
conformable to  the  beds  below  them.  They  consist  chiefly  of  red  sand- 
stones, shales,  and  Quartzitic  Dolomites  in  the  lower  part ;  the  upper 
being  composed  of  Dolomites  often  siliceous,  and  above  which  are 
a  third  group  composed  of  Haematitic  rocks,  sandstones,  shales,  and 
breccias. 

3. — ^The  Triassic  series  comprises  two  divisions,  which  are  either 
dolomites  or  limestones;  the  lower  one  containing  Megalodon, 
Dicerocardium,  Chemnitziaf  and  Gervillia;  and  the  upper  one  with 
NerincBOf  Neritopsis,  Asiarte,  Opis,  Nucula,  etc. 

4.  The  Jurassic  beds  of  Sirban  are  represented  by  black  shaly 
clay -beds,  well  known  in  Himalayan  geology  as  "Spiti  shales." 
They  are  not  rich  in  fossils,  but  fragments  of  Belemnites,  InoceramtiSf 
and  Corbula  have  been  found. 

The  unconformity  of  these  shales  to  the  underlying  Triassic  series 
is  marked  by  the  erosion  of  the  limestones,  which  are  also  pierced 
by  the  crypts  of  boring  Mollusca. 

6.  The  Jurassic  series  are  overlain,  apparently  conformably,  by 
hard,  rusty,  calcareous  sandstone,  with  Cretaceous  fossils,  chiefly 
Cephalopods,  and  a  few  Gasteropods.  The  Ammonites  belong  chiefly 
to  the  Cristati  and  Inflati  groups,  besides  several  species  of  Ancylo- 
ceraSj  Anisoceras,  and  Baculites,  as  well  as  numerous  large  Belemnites. 

These  fossiliferous  beds  are  considered  to  be  the  representatives  of 
the  Middle  and  Upper  divisions  of  the  Cretaceous  rocks* 

6.  Overlying  these  is  a  massive  grey  and  blackish  Limestone 
alternating  with  zones  of  dark  shale,  and  referred  to  the  Nummu- 
litic  formation.  It  is  of  great  thickness  and  much  contorted,  and 
its  physical  features  are  deeply-excavated  gorges  and  ravines^  Uig^h 
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It  is  apparent  that  though  there  is  a  general  similarity,  the  two 
regions  on  opposite  sides  of  the  crystalline  axis  show  several  points 
of  difference,  though  not  so  great  as  to  deprive  ns  of  hope  that  they 
may  be  brought  into  closer  accordance  by  subsequent  researdies. 
At  present  the  main  difierences  are  rendered  greater  by  the  occur- 
rence  of  marked  unconformities  in  one  region  unrecorded  in  the 
other.  The  area  around  Sirban  has  been  subjected  to  great  and  con- 
tinuous disturbance  during  long  periods  of  time,  and  it  would  be 
highly  interesting,  if  possible,  to  find  out  whether  these  periods  of 
disturl^ance  coincide  with  the  eruptions  of  the  volcanic  rocks  known 
to  exist  in  the  interior  of  Cashmere. 


d.  —  ov  thk  ooovsbkncx  of  ammonites^  associated  wxxh 
Cmbatitju  akd  Ooa'iatitbs  in  tus  Oabbonifkbous  Deposits 
OF  THi  Salt  Banqs.  By  William  Waaosn,  Ph.D.,  Oeologioid 
Survey  of  India. 

IN   this  Memoir,  Dr.  Waagen  announces  his  discovery  of  the 
association  of  Ooniatites,  Ammonites,  and  Ceratites  in  the  same 
bed  with  Productuip  AikyriB,  eta,  and  referred  provisionally  to  the 
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Upper  diyimon  of  the  Garbonifeioiu  formation.  The  locality  of 
these  fossils  is  near  Jali,  north  of  Shabpoor,  on  the  southem  slope 
of  the  Sait-Bange.  Although  the  associated  fossils,  such  as  Aihyri$ 
Boiisyi,  A.  $nbl%Uta,  Produetus  eostahu,  and  P.  longispinm,  indicate 
a  Carboniferous  aspect,  other  fossils,  as  Stropholosia  Morrinana  and 
a  Terebrat^y  closely  rssembling  T.  elongata,  are  Permian  forms. 
Br.  Waagen  is  inclined  to  place  the  strata  containing  these  fossils 
at  the  limits  between  the  Carboniferous  and  Permian  periods.  The 
oecurrence  of  these  three  Cephalopodous  genera  was  first  observed 
by  Monster  in  the  St  Cassian  Beds  of  Triassic  age. 


U. — ^A  Book  about  William  Smith  and  the  Somvrsetshibx  Coal 
Canal,  with  an  Aogount  of  the  Obioin  of  Stratioraphioal 
Oeolooy  in  England.  By  W.  Stephen  Mitohell,  LL.B., 
F.Ii.S.,  F.G.S. 

lyyTB.  MITCHELL  announces  that  he  is  about  to  publish  by 
JjlL  subscription  a  work  on  William  Smith  and  his  discoveries 
in  Somersetshire,  which  led  to  the  rise  of  the  science  of  strati- 
giaphical  geology  in  England. 

The  book  will  form  a  useful  addition  to  geological  literature,  as  it 
is  designed  to  bring  together  into  one  record  all  the  information 
that  can  be  obtained  of  the  geological  work  of  the  '*  Father  of 
English  Geology." 

The  way  in  which  his  discoveries  along  the  Somersetshire  Coal 
Canal  Valley  are  illustrated  deserves  special  commendation. 

The  reader  has  laid  before  him,  in  a  series  of  consecutive  photo- 
graphic views,  the  physical  features  of  the  valley,  and  in  a  series  of 
coloured  lithographs  the  arrangement  of  the  strata.  Those  not 
accustomed  to  field-work  can  with  this  coup  d'oeil  understand  the 
stratigraphical  arrangement  better  than  by  trudging  over  the  ground 
itaelf.  The  facts  are  presented  so  simply  that  there  is  no  difficulty 
in  understanding  them.  Doubtless  it  will  be  a  book  of  great 
aervice  to  those  commencing  the  study  of  geology.  In  these  days 
of  cramming  for  oompetitive  examinations  there  are  many  who 
learn  off  ''  tables  of  strata,"  and  commit  to  memory  ''  characteristic 
species,"  who  have  very  erroneous  ideas  of  what  these  strings  of 
names  really  mean. 

Nearly  all  our  classificatory  geology  is  based  on  the  method  of 
William  Smith,  and  a  clear  understanding  of  his  observations  and 
deductions  is  the  surest  way  to  understand  the  subsequent  modi- 
fications and  to  trace  the  reasons  for  opinions  now  held.  The  work 
will  also  prove  of  interest  to  the  general  geological  reader,  and  the 
Ulustrations  alone  have  an  attraction  for  those  who  may  not  care  for 
the  snbject-matter.  We  expect  it  will  be  well  received  in  Somerset- 
thire,  for  it  cannot  often  happen  that  there  is  an  opportunity  of 
obtaining;  so  many  views  at  so  small  a  sum  {21s.). 

We  know  that  at  the  price  proposed  the  work  can  only  be  issued 
by  securing  a  large  number  of  subscribers,  which  we  trust  the 
uithor  may  succeed  in  obtaining. 
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m. — GxOIiOOIOAL  D1AGBAM8   AND   M0DXL8. 

Tablv  of  British  Svdimentaky  and  Fossilifxbous  Strata.  By 
HxMRY  William  Bbibtow,  F.R.S.,  F.G.S.,  Director  of  the 
Qeological  Survey  of  England  and  Wales.  With  a  DescriptioQ 
of  Life  Groups  and  Distribution,  by  B.  Ethiridgr,  F.B£. 
(Stanford.) 

Grolooioal  Models  of  Enoland  and  Wales.  By  William  Toplit, 
F.G.S.,  Geological  Survey  of  England  and  Wales ;  and  J.  B. 
Jordan,  Mining  Becord  Office.     (Stanford.) 

WHILE  the  progress  of  geology  is  revealed  in  one  way  by  the 
numerous  manuals  and  text-books,  it  is  shown  in  another 
way  by  the  charts,  tables,  maps  and  models,  which  are  from  time  to 
time  constructed  and  published,  in  accordance  with  the  advancement 
of  the  science.  Appeals  made  to  the  eye  are  always  appreciated  by 
the  student,  and  they  are  indeed  essential  as  a  method  of  instruction. 
A  glance  at  a  geological  map  or  section  will  explain  more  than 
many  pages  of  print ;  but  properly  to  understand  these,  a  good  table 
of  strata  is  necessary.  Of  course  our  small  geological  maps  of  the 
British  Islands  give  tables  of  all  the  stratified  rocks,  showing  their 
order  of  succession,  but  these  cannot  furnish  much  detail,  and  when 
wo  take  maps  on  a  larger  scale,  of  course  we  cannot  have  represen- 
tations in  them  of  the  whole  series  of  strata.  A  table  showing,  not 
only  the  minor  divisions  of  the  British  sedimentary  and  fossiliferous 
strata,  but  also  the  local  divisions  which  have  been  made,  as  in  the 
Inferior  Oolite  of  Gloucester,  the  Midland  counties,  and  Yorkshire ; 
or  in  the  Silurian  rocks  of  Wales  and  the  Lake  district;  is  an 
essential  diagram  in  the  hands  of  all  geologists.  Such  a  table  has 
just  been  prepared  by  Mr.  Bristow,  which  is  published  by  Stanford. 
In  it  are  embodied  all  the  latest  modifications  in  our  classification  of 
strata,  and  it  is  as  a  table  of  classification  that  it  will  be  most  appro- 
ciated,  because  it  does  not  furnish  the  notes  on  the  economic  uses  of 
the  rocks  or  their  characteristic  fossils,  which  are  to  be  met  with  in 
other  geological  charts.  It  contains,  however,  a  very  useful  sum- 
mary of  the  life  groups  by  Mr.  Etheridge,  arranged  zoologically, 
and  then  giving  their  geological  distribution.  This  table  will  be 
found  of  great  service  to  the  student  while  reading  a  geological 
manual ;  and  in  illustrating  the  succession  of  our  rocks  as  they  are 
depicted  on  our  geological  maps  it  will  be  found  of  great  aid. 

A  geological  map  is,  however,  rarely  understood,  save  by  the 
geologist;  for  among  those  who  are  not  adepts  much  ambiguity 
prevails  as  to  the  reason  of  the  irregular  shapes  of  the  many  colours 
on  our  maps.  The  relation  between  the  form  of  the  ground  and  its 
geological  structure  is  one  of  the  great  doctrines  of  geology,  and  a 
knowledge  of  this  adds  greatly  to  the  interest  and  understanding  of 
a  map.  Tlie  small  models  hmg  ago  published  by  Mr.  Sopwith  were 
admirable  as  methods  of  instruction ;  but  now  we  are  not  satisfied 
with  these — a  grander  work  must  be  accomplished — the  whole  of 
England  shall  be  modelled,  we  are  told,  by  Mr.  Topley  and  Mr. 
Jo^an.     This  undertaking  is  to  oomprise  about  sixteen  blooks. 
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measoring  each  twenty-five  inches  by  seventeen  inches,  and  on  the 
scales  of  four  miles  to  an  inch  horisontal,  and  2000  feet  to  an  inch 
▼erticaL  They  are  to  be  conBtmcted  from  the  pnblished  information 
of  tbib  Ordnance,  Admiralty,  and  Qeological  Surveys,  etc.,  and  they 
will  dearly  indicate  by  relief  the  principal  physicid  features  of  the 
country,  and  being  coloured  geologically,  according  to  the  different 
rocks  exposed  at  the  surface,  they  will  show  the  relation  between 
geological  structure  and  physical  features,  and  at  the  same  time 
exhibil  in  a  way  unequalled  at  present,  the  meaning  of  our  geolo* 
gical  maps.  I^itions  will  be  issued,  showing  by  colour  the  river 
basins,  rainfall,  registration  districts,  etc.,  so  that  they  will  prove 
most  useful  not  only  as  educational  models,  but  will  also  be  very 
serviceable  to  military  men,  engineers,  and  even  medical  men,  for 
the  relation  between  health  and  geology  is  occupying  a  great  deal  of 
•tteiitioa  at  the  present  day.  Special  models  of  the  Wealden  dis- 
trict)  and  of  the  Thames  basin,  are  to  be  ready  early  in  January. 


IV. — Sillimar's  Amkrioah  JotTRKAL  for  November  last  contains 
tiie  following  interesting  palesontological  discoveries : — 

1.  DiscovEBT  OF  Fossil  Quadruhaka  in  the  Eocehe  ov  Wtomiko. 

By  0.  C.  Mabsh. — An  examination  of  more  complete  specimens  of 

some  of  the  extinct  Mammals  already  described  by  the  writer  from 

the  Eocene'  deposits  of  the  Kooky  Mountain  region  clearly  indicates 

that  among  them  are  several  representatives  of  the  lower  Quadru- 

iBana.     Although  these  remains  differ  widely  from  all  known  forms 

of  that   group,   their  more  important  characters   show  that  they 

should  be  placed  with  them.     The  genera  Limnotherium,  ThinolesteSy 

and  Telmatolestes,  especially,  have  the  principal  parts  of  the  skeleton 

much  like  some  of  the  Lemurs,  the  correspondence  in  many  of  the 

larger  bones  being  very  close.     The  anterior  part  of  the  lower  jaws 

28  similar  to  that  of  the  Marmosets,  but  the  angle  is  more  produced 

downward,  and  much  inflected.     The  teeth  are  more  numerous  than 

in  any  known  Quadrumana.     Some  of  the  species  have  apparently 

forty  teeth,  arranged  as  follows :  Incisors  -f-^,  canines  -{-,  premolars 

and  molars  -f.     A  full  description  of  these  interesting  remains,  the 

first  of  the  order  detected  in  this  country,  will  be  given  by  the 

writer  at  an  early  day. 

2.  Note  on  a  New  Genus  of  Caenivores  from  the  Tertiary  of 

Wyoming.     By  0.   C.   Marsh, — Additional  remains   of  the   large 

Carnivore  described  by  the  writer,  on  p.  203,  op.  cit.,  as  Limnofelis 

UuidenSj  show  clearly  that  it  represents  a  genus  quite  distinct  from 

L.ferox.     The  canine  and  premolars  of  the  lower  jaw  somewhat 

leeemble  those  in  the  Hyaena,  but  there  were  only  two  incisors  in 

each  ramus.     One  of  these  is  large,  and  close  to  the  canine.     Inside 

tod  partially  behind  this,  is  a  cavity  for  a  second  and  smaller  incisor. 

The  remaining  teeth  preserved  are  especially  broad  and  massive. 

The  first  lower  premolar  is  separated  somewh&t  from  the  canine,  and 

is  inside  the  line  of  the  teeth  behind  it.     The  remains  now  kno^iL 

TOL.  X. — KO.  cm.  Z 
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indicate  an  ammol  above  im  lazsps  ib  ft  Hon.  Ths  gsm  diej  npn* 
sent  may  be  called  OrHoeyam,  «ut  sie  ?rpe  sgede&.  Onaagotk  faitfnw 
3.  NoncB  ov  A  Nmw  Rxfcelb  fbox  tieb  CBXcjcaacii.  Bj  (X  CL 
Mabsh. — An  inceradnc  ^'trfmiTn  33  me  BeptzIxaiL  ftsnift  of  tfaa 
Cretaceooa  *hii.T^  of  Kinfuit  is  a  ii±lv  snaH  ^anziBi.  wfaidi  diSsB 
widel J  &01ZL  any  hidterm  diacovoced.  Tlie  only  remama  at  |injnit 
known  are  two  luwer  jaws,  oeariy  peraect.  :ud  wiUL  many  of  tfae 
teeth  in  good  presaartuion.  The  jaws  Rflemble  in  geDeral  lim 
thoee  of  lJ^  yoaawiirjid  repdlea.  bnr.  asde  tronL  dieir  werj  dimiaii- 
tiTe  size,  present  ^veml  suacarea  which  oo  specica  of  that  gioip 
baa  been  obaerved  go  pcaaeaa.  The  aeedL  ace  implanfied  in  diatiiiot 
aocketa  and  are  directed  obliqasly  backwarL  There  were  afipaicnt^ 
twenty  teeth  in  each  jaw.  all  cumpceaaed.  and  with  toj  acsta  ama* 
mita  The  rami  were  Tznised  in  mnc  cnly  by  cartilage.  Then  il 
no  distinct  gr.HSTe  on  tiieir  inner  sxrdice.  aa  in  all  known  lIoai>- 
sanroida.  The  denrucen^na  pcrtion  cf  the  jaw  ia  41  mm.  in  lengtfia 
ita  depth  below  the  laat  tccdi  ia  o  nun.  and  below  the  first  tooth  in 
front  3  mm.  The  speoLoien  clearly  indiianni  a  new  genii%  which 
may  be  called  ColanomiMm*.  and  die  spedea  may  be  named  Cirfoaa 
9amnu  Mmdgisiy  for  the  diacoTerer^  Pro^eaaor  &  F.  Hodger  wiio  fimnd 
the  remaLEia  in  tiie  Upper  Crecaseooa  shale  of  Western  ~ 


•R  h!  V  .Lhl^W^ 


L — ^A    TrXATXSS    05    THM    BcTLDCTG    A5D    OUTAXXSTAL   SftOSWA  Of 

GacAT  BaiTAEff  asd  Fombigs  Corxrm£x&    Bt  Edwabd  Hinii» 
M.A.,  F.B.S.     ^London :  Mai-mfll.in  Jb  Co.,  1S72.) 


SINCE  the  Taloable  Beport  in  1S39  of  the  Commianonen  a^ 
to  inquire  into  the  qualities  of  the  stone  to  be  nsed  in  Imflding 
the  New  Houses  of  Parliament,  no  special  treatise  has  appeared  on 
the  subject.  Eren  that  very  useful  Report  is  to  some  extent 
limited  in  its  scope,  as  it  was  not  considered  necessary  to  extend  tbs 
inquiry  to  granites,  porphyries,  and  other  stones  of  similar  character, 
on  account  of  the  enormous  expense  of  conrerting  them  to  baUding 
purposes  in  decorated  edifices,  and  from  a  conviction  that  an  eqnallj 
durable  and  more  eligible  material  could  be  obtained  from  among 
the  limestones  and  sandstones  of  the  kingdom.  Hitherto  the  ohiei 
information  in  this  country  on  building  stones  has  had  to  be  sought  for 
in  the  works  on  architecture,  engineering,  and  masonry,  or  scattered 
through  the  journals  of  societies,  or  geological  manuals,  and  there* 
fore  not  systematically  or  sciendfically  treated  in  any  separate  work. 
Two  im|K>rtant  works  in  French  on  the  subject  must,  however,  be 
noticed,  the  " Technologic  du  Butiment,"  by  M.  T.  Chateau;  and 
*'Mat«Tiaux  de  Construction,"  by  M.  Delesse.  With  the  view  of 
supplying  this  deficiency  in  our  own  language.  Prof.  Hull  has 
brought  together  a  vast  mass  of  practically  useful  and  interesting 
information  on  the  building  and  ornamental  stones,  both  of  our  own 
and  foreign  countries;   the  different  materials  being  arranged  ao* 
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Img  to  their  geological  distcibation  and  mineral  oharacter,  and 
Ir  application  in  ancient  and  modem  stroctures  illnstrated. 
\b  atndy  of  the  more  solid  building  materiala  is  of  considerable 
treat  and  importance,  either  in  regard  to  their  applications,  or  in 
kftion  to  their  origin.    Under  the  former  head  may  be  considered^ 

The  proximity  of  the  source  and  nature  of  the  material ;  2nd, 
[Ability ;  3rd,  Tint  or  colour ;  4ih,  Change  oi  colour  by  exposure 
vreathering ;  5th,  Capability  of  absorbing  water ;  6th,  Beeisting 
ght  or  crushing  power.  hUL  these  are  points  which  more  or  less 
nenoe  the  selection.     Thus  the  contrast  of  the  cities  of  London 

Manchester  with  those  of  Paris  and  £dinbui^h,  or  why  the 
ner  are  chiefly  of  brick  and  the  latter  of  stone,  are  examples  of 
proximity  of  certain  geological  conditions  in  both  cases.  The 
ndanoe  of  brick-earth  and  tile-days  are  a  marked  feature  in  the 
nity  of  London,  and  have  therefore  influenced  the  street  archi- 
nre,  whilst,  as  Prof.  Hull  remarks,  "the  presence  of  theCarbonifer- 
sandstones  in  the  immediate  vicinity  of  Edinburgh  and  Glasgow 
e  greatly  contributed  to  the  substantial  character  of  the  dwelling- 
LseSy  as  well  as  of  the  public  buildings,  of  these  cities, — a  character 
ich  strikes  the  eye  of  a  visitor  on  arriving  from  the  great  brick- 
ned  cities  of  England.*'  So,  again,  the  Tertiary  limestone  of 
is  has  a  pale  yellowish  tinge,  admiralty  adapted  for  street  arohi- 
;ure  under  a  smokeless  sky ;  and  no  one  can  fail  to  observe  how 
sh  of  the  beauty  of  the  noble  public  buildings,  and  scarcely  less 
lie  ranges  of  houses,  in  the  principal  streets  of  this  queen  of 
OS,  is  due  to  the  chaste  purity  of  the  stone,  and  its  capability  of 
ng  employed  either  in  massive  structures,  or  in  those  of  a  more 
ate  character. 

>n  the  other  hand,  the  public  buildings  of  Oxford  are  a  marked 
;ance  of  durability  and  decay  in  the  materials  employed ;  thus, 

Headington  limestone,  obtained  within  the  immediate  vicinity  of 
Tord,  and  of  which  nearly  the  whole  of  the  churches,  colleges^ 

other  public  buildings,  have  been  built  within  the  last  three 
tnries,  are  in  a  deplorable  state  of  decay,  so  as  in  some  instances 
have  caused  all  traces  of  architectural  decoration  to  disappear ; 
list  the  ancient  parts  of  the  Cathedral,  Merton  College  Chapel, 
w  College  Cloisters,  of  the  12th,  13tb,  and  14th  centuries, 
pectively,  built  of  the  shelly  Oolite,  belonging  to  the  lower  part 
he  Great  Oolite,  from  Tainton,  fifteen  miles  dbtant,  and  Burford, 
generally  in  a  good  state  of  preservation. 

Geologically  considered,  the  building  stones  of  our  large  cities  are 
)  instructive,  as  they  afford  examples  of  the  diflferent  origin  of 
k  masses ;  thus  the  granites  and  porphyries  are  igneous  rocks,  the 
es  and  statuary  marbles  are  metamorphic,  the  limestones  are 
mical  and  organic,  the  cement  stones  are  in  part  concretionary, 
[  the  bricks  and  tiles  are  artificially  metamorphosed  days  and 
m,  either  of  marine,  drift,  or  freshwater  origin. 
Lb  before  stated,  the  work  is  chiefly  devoted  to  the  stony  materials 
architecture,  and  these  are  clearly  and  scientifically  arranged  by 
)f.  Hull  in  thiileen  parts,  the  first  of  which  compiiaeB  a  ^<biiQXTi\. 
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dassification  of  the  crystalline  and  other  rocks,  with  short  descriptive 
characters  of  each.  Tlio  author  adopts  the  views  of  Durocher  and 
Bunsen,  rather  than  that  of  Zirkel,  for  the  division  of  the  platooic 
and  volcanic  rocks,  according  to  the  proportions  of  silica  they  coib 
tain,  viz.  into  acid  or  highly  silicated,  and  basic  or  less  silicsted 
rocks ;  the  former  comprising  granite,  syenite,  quarts>porphyry, 
fclstone,  trachyte,  phonolite,  pitchstone;  the  latter,  or  basic,  is- 
eluding  porphyrite,  diorite,  mekphyre,  diabase,  basalt,  dolerite,  eta 

The  succeeding  parts  ii.  to  v.  contain  the  Granitic,  Porphyritic, 
Greenstone,  and  Serpentinous  rocks,  followed  by  parts  vi.  to  ziii. 
on  Marbles,  Alabaster,  the  Calcareous  and  Sandstone  groups,  the 
volcanic  building  stones,  slates,  with  one  on  the  rarer  omamentil 
stones,  as  Fluor  spar,  Malachite,  and  the  Quartz  group.  Under 
each  division  a  great  variety  of  useful  and  interesting  information 
is  given,  with  regard  to  their  distribution  in  the  British  IslsB, 
Europe,  and  other  countries,  as  well  as  the  architectural  and  oina- 
mental  uses  to  which  they  have  been  and  may  be  applied.  Among 
the  more  interesting  chapters  are  those  devoted  to  the  marbles  and 
limestones,  which,  from  their  great  variety  in  colour,  patteniy  and 
stiiicture,  are  amongst  the  most  beautiful  rock  productions  in  natoie; 
and  from  their  being  found  in  many  formations,  and  widely  distri- 
Inited,  have  been  largely  used  in  ancient  and  modem  times,  both  in 
tliiK  country  and  on  the  Continent. 

The  concluding  observations  in  the  work  are  devoted  to  tin 
physical  and  chemical  characters  of  building  ston^es,  the  mode  of 
determining  them  for  general  purposes,  and  their  selection  with 
special  regard  to  climate,  either  diy  or  humid,  or  the  nature  of  the 
atniosjjliore,  whether  pure,  snioky,  or  acid,  followed  by  a  table  con- 
striK'tcd  by  Mr.  C.  IT.  Smith,  showing  the  weights  of  a  cubic  foot 
of  Bpocimens  fairly  representing  all  the  varieties  of  building  stones 
usod  in  this  country  and  their  localities,  to  which  might  have  been 
added  the  cohesive  strength,  specific  gravity,  and  absorbent  power, 
as  is  shown  at  p.  46  of  the  Commissioners'  lieport, 

Some  few  exceptions  can  bo  taken  to  the  general  character  of  the 
book.  Here  and  there  certain  omissions  occur,  or  fuller  details  are 
not  given,  which  however  may  have  been  intentionally  omitted,  such 
as  the  great  variety  and  number  of  tiie  Devonian  and  other  newer 
mnrbles  and  limestcmes  of  the  Pyrenees,  some  of  which  were  known 
to  the  Romans,  worked  at  St.  GaiKlens,  Luchou  and  other  places, 
and  exported  to  this  country  and  America ;  the  Eocene  limestones  of 
tho  Isle  of  Wight  used  in  the  eoclosiastical  buildings  of  the  southern 
C( unities,  and  the  Lower  and  Middle  Eocene  siliceous  sandstones 
(Sarsen  stones),  of  which  Kit's  Coty  House,  Stonehenge,  etc.,  are 
couHtructod,  and  to  which  geoliigic  period  belong  the  Hampden 
stone  used  about  Aylesbury.  Opinions  may  differ  as  to  the  position 
of  tlie  limestones  n^t'erred  to  the  Great  Oolite  of  Ancaster,  Ketton 
{h'f'tton,  pp.  210-;j:i7),  Castorten,  and  Barnack,  which  have  con- 
tril)uted  so  largely  to  the  beauty  of  the  numerous  churches  and 
me'liaeval  structures  of  Lincolnsluro,  Ely,  Cambridgeshire,  and 
Korthumptonshire,  and  which  aro  now  being  chiefly  used  for  the 
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iddiikmal  buildings  \o  iha  New  Muaenm  and  Colleges  at  0am- 
sridge. 

We  are  glad  to  find  the  aiithor  recognisBB  the  Talue  of  mioroeoopioal 
resesrdi  as  partly  essential  to  the  determination  of  the  composition 
it  igneous  and  other  rooks,  and  to  which  attention  has  been  so  well 
iireeted  by  the  laboora  of  Pro£  Zirkel  and  Mr.  D.  Forbes ;  and  we 
think  that  additional  illustrations  nnder  this  head,  instead  of  ontf 
dnly^  would  haTe  enhanced  the  utility  of  this  acceptable  volnme. 


IL — GsoLOOT  OF  East  Anolia. 


IN  the  OxoLOGiOAL  Magazine  for  July  attention  was  called  to  the 
25th  volume  of  the  Monogp'aphs  of  the  Palasontographical 
Bociety,  issued  for  1871,  and  to  a  Memoir  on  the  Geology  of  East 
Anglia,  accompanied  by  a  Map,  prepared  by  Mr.  S.  V.  Wood,  jun., 
md  Mr.  F.  W.  Harmer,  which  formed  an  introduction  to  the  first 
part  of  the  Supplement  to  the  Cktig  Mdlusca  by  Mr.  Wood,  sen. 

This  menK)ir  deserves  a  m<^e  special  notice  on  account  of  the 
eolonred  geological  map,  which  is  by  far  the  most  elaborate  one  ever 
published  on.  this  area. 

All  of  our  readers  may  not  be  aware  of  the  immense  amount  of 
labour  and  time  which  Mr.  Wood  and  his  coadjutor  Mr.  Harmer  have 
deroted  to  the  working  out  and  classification  of  the  Drift  deposits  of 
the  East  of  England.  Not  content  with  merely  visiting  the  principal 
sections  in  the  country,  they  have  actually  surveyed  on  the  one-inch 
Ordnance  map  the  greater  part  of  the  geology  of  Norfolk,  Suffolk, 
tttd  Essex,  and  often  with  a  detail  which  equals  in  minuteness  some 
of  our  most  elaborate  Government  Survey  Maps.  The  Geological 
maps  ctf  parts  of  Essex,  and  the  memoir  on  the  Glacial  and  Post- 
Olacial  beds  of  the  South  and  East  of  England,  which  a  few  years 
ago  Mr.  Wood  deposited  in  the  Library  of  the  Geological  Society  of 
London,  alone  exhibit  a  vast  amount  of  patient  labour  and  field 
irork,  which  not  many  amateur  geologists  have  equalled.  In  early 
times,  De  la  Beche  and  Logan  did  a  large  amount  of  private  field- 
irork  in  the  West  of  England  and  South  Wales,  and  more  recently 
Hr.  William  Sanders  published  his  large  maps  on  the  scale  of  four 
inches  to  one  mile  of  the  Bristol  Coal-fields.  Such  detailed  labours, 
lemanding  of  necessity  much  uninteresting  but  necessary  work,  will 
i>e  lasting  monuments  to  the  honour  of  \Xa  authors. 

In  1865  Mr.  Wood  privately  printed  and  circulated  a  little  map 
)f  the  Upper  Tertiaries  of  the  whole  of  the  Eastern  Counties,  accom- 
[Muied  by  an  explanatory  memoir,  which  showed  the  general 
ixtent  of  the  Drift  deposits.  The  present  map  takes  in  the  country 
»»t  of  a  line  drawn  between  Holt  in  Norfolk  and  Ipswich,  and  it 
extends  as  far  south  as  Walton-on-tlie-Naze.  It  thus  takes  in  the 
irhole  of  the  Crag  country  which  it  is  intended  mainly  to  illustrate, 
[t  has  been  reduced  from  the  Ordnance  Survey  maps  to  a  scale  of 
four  miles  to  the  inch,  and  is  accompanied  by  twenty -one  coloured 
liorizontal  sections  and  twenty-two  vertical  ones. 
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In  the  Mgmcwr  liemn.  Wood  and  Hanier  give  a  genenl  aoooat 
of  the  gliucUife  of  tlie  Coralline  Crag,  the  Bed  and  FlnTio-maiineor 
Sorwicfa  CfagB,  the  Chflksford  beds,  the  Lower,  Middle,  and  Upper 
Glacial  beds,  Plateaa  gravel,  and  Poet-glacial  beda.  The  Bridling- 
ton  Crag  ia  notioed  as  being  probably  posterior  in  age  to  the  greti 
chalkj  or  Upper  Boolder-clay ;  and  other  depodte,  not  indnded  in  Iho 
area  eompriaed  in  the  map,  in  whioh  sheila  are  notioed  in  the  'Cng 
Molloaca,'  aa  the  beda  at  Kelsea  Hill,  Faoll  Qiff,  March,  and  Hoa- 
akanton,  and  the  Nar  Brickearth,  are  notioed  among  the  Post-glaciil 
fioTmations.  H.  B.  W. 


in. — ^ElXM K2ITABT  GbOLOGT;  A  C0UB8S  OF  NlKS  LaCTUBX8,  8PBCIALLT 
▲DAFTKD  VOB  THB  USB  OF  SCHOOLB  AKD  JUHIOB  SrUDKHTa.      Bj 

J.  CuFioM  Wabd,  F.a.S.    8to.,  pp.  282.     (TViifacier  ^  Co^ 
London,  1872.) 

Thx  Eabth'8  Cbvst.  a  Havdt  OuTLnrx  of  Geology.  By  Dayid 
Paos.  Sixth  Edition.  8to.,  pp.  98.  (Blackwood  &  Sons> 
Edinbuigh  and  London,  1872.) 

FFTT  years  ago  Geology  waa  the  pursuit  rather  of  the  man  of 
fortune  than  of  the  less  fJEtvoured  individual  who  had  to  atmgi^ 
for  existence.  Then  it  was  a  science  more  particularly  of  travel 
than  it  is  now ;  mineralogy  was  its  constant  companion,  for  palsBon- 
tology  waa  not  very  far  advanced.  Now  the  science  has  made  audi 
progress  that  few  men  can  be  masters  of  it  as  a  whole.  Railways 
have  furnished  a  cheap  and  ready  means  to  gain  a  personal  know- 
ledge of  all  our  British  rocks;  and  those  who  have  no  time  for  travel 
can  aid  the  good  cause  by  studying  some  of  the  many  forma  of  life 
that  inhabited  this  earth  in  bygone  times.  We  cannot  wonder  that 
the  science  is  a  popular  one ;  for  it  can  be  studied  perhaps  ¥nth  less 
expense  than  most  other  sciences,  and  is  probably  as  well  adapted 
as  any  for  training  the  mind  to  those  habits  of  reasoning  which,  as 
Canon  Kingsley  has  shown  in  his  ''  Town  Geology,"  are  of  so  much 
advantage  to  eveiy  one. 

Geology  is  now  taught  in  our  principal  schools,  and  there  is  no 
lack  of  text-books,  elementaiy  and  advanced,  to  assist  in  diffusing  a 
knowledge  of  the  acience, 

Mr.  Ward  is  a  member  of  the  Geological  Survey  of  England,  and 
he  gives  us  in  a  course  of  nine  lectures  a  veiy  good  and  readable 
rSaumi  of  the  principal  facts  of  geology.  The  physical  geology 
and  geog^phy  is  all  we  could  desire  in  such  an  elementary  work ; 
the  palaaontological  portion,  or  that  part  which  treats  of  the  aeries 
of  strata,  with  their  organic  remains,  gives  hardly  sufficient  informa- 
tion as  a  text-book  for  schools,  cuid  it  is  not  always  so  clear  and 
accurate  as  we  could  have  desired.  The  illustrations  might  also  be 
improved,  although  they  are  no  doubt  sufficiently  useful  as  diagrams. 

On  the  whole,  we  can  recommend  Mr.  Ward's  book  as  a  good 
introduction  to  more  advanced .  works,  and  also  as  furnishing  a 
readable  work  for  those  who  have  only  time  or  inclination  to  get  at 
the  general  idea  of  the  science.    His  cheater  on  practical  geology 
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d  his  remarks  on  geological  mapping  will  be  foand  useful  features 
the  Tolume. 

Dr.  David  Page  has  been  before  us  many  years  as  a  teacher,  and 
I  has  lately  been  appointed  Professor  of  Geology  in  the  College 
Physical  Science  at  Newcastle-on-Tyne.  This  little  Outline  fulfils 
I  intention  as  a  simple  guide  to  a  general  knowledge  of  geology, 
tie  illustrations  are  good,  and  there  is  an  absence  of  detail  in  the 
it,  in  this  as  well  as  in  the  other  work,  which  will,  we  hope, 
imulate  the  reader  to  inquire  further  into  the  varied  and  inter* 
idng  history  of  the  Earth's  Crust. 


^. — Notes  on  the  Post-Pliooehb  Geology  of  Canada.  By  J. 
W.  Dawson,  LL.D.,  F.B.S.,  F.Q.S.,  Principal  of  McGill 
University,  Montreal.^ 

"IINCE  1855,  Principal  Dawson  has  carried  on  a  continuous  and 
)  elaborate  investigation  of  the  Drift  Deposit  in  Canada,  the 
)8alt8  of  which  have  been  given  to  the  world  from  time  to  time 
uough  the  medium  of  the  "  Canadian  Naturalist"  In  all  these 
Bars,  during  which  so  much  light  has  been  thrown  from  almost 
rery  side  on  Glacial  theories,  Dr.  Dawson  has  seen  no  cause 
»  abandon  his  early  conclusions  on  the  subject,  and  his  later 
)6ervation8  have  only  strengthened  him  in  his  opinions.  It  is 
}t  surprising  therefore  that,  his  thoughts  having  ripened  into 
mvictions,  he  should  now  wish  to  bring  together  the  numerous 
cts  which  have  led  him  to  consider  as  indisputable  his  explanation 
:  the  glaciation  of  the  North  American  continent  This  he  has  done 
I  the  important  memoir  before  us,  which  is  a  storehouse  of  materials 
)t  to  be  passed  over  by  glacialists  of  every  denomination,  whether 
nd,  marine,  or  a  combination  of  both. 

There  is  no  mistaking  Dr.  Dawson's  colours ;  he  is  a  staunch 
arine  glacialist,  who  fears  not  to  speak  lightly  of  the  "  glacier 
eory  of  Agassiz  and  others,"  which,  according  to  him,  **  may  be 
id  to  have  grown,  till,  like  the  imaginary  glaciers  themselves,  it 
rerspread  the  earth."  He  smiles  at  the  great  ice-mantle  imagined 
J  "  stubborn  land-glacialists,"  which  "  was  even  transferred  to 
razil,  and  employed  to  excavate  the  valley  of  the  Amazon.  But 
is,"  he  adds,  '*  was  its  last  feat,  and  it  has  recently  been  melting 
ray  under  the  warmth  of  discussion,  until  it  is  now  but  a  shadow 
'  its  former  self." 

As  we  have  before  hinted  in  these  pages,  Dr.  Dawson  differs  con- 
ierably  from  Dr.  Newberry  in  his  interpretation  of  the  glacial 
lenomena  of  North  America.  The  views  of  both  these  authorities 
ill  be  best  understood  perhaps  if  we  reproduce  the  excellent  little 
ble  given  by  Dr.  Dawson  (see  page  40)  : 

It  will  be  seen  that  Dr.  Dawson  regards  the  Erie  Clay  (although 
(void  of  fossils)  as  the  equivalent  of  the  Boulder-clay  cuid  of  the 
dda  Clay  of  Canada. 

1  Beprinted  from  the  "  Canadian  Naturalist,"  new  aeries,  Tol.Ti,,Moii\xea\.,  W^. 
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TABULAE  YIEWS  OF  GLACIAL  DEPOSITS  AND  THEOBIES. 


imuAiTD  PLinit. 


MAKOWAL  AmXAA. 


Temces. 


Terraces  and  raised 
beaches. 


Travelled   boulders 
and  glaciated 
stones  and  rocks. 

Stratified  sand  and 
gravel. 

(Algoma  sand,  etc.) 

Stratified  claj  with 
drift  wood,  and  a 
few     stones     and 
boulders. 
(Erie  daj.) 


Striated  rocks. 


Old  channelB,  indi- 
cating a  higher 
level  of  the  land. 


Sand    and  gravd, 
with  sea  shdls  and 
boulders. 
(Saxicava  sand.) 


1 


Stratified  claj, 

with  sea  shells. 

(Leda  claj.) 
Glaj  and  boulders 

with  or  without 

sea  shells. 

(Bottlder-claj.) 
Striated  rocks. 


Old  channels  indi- 
cating previous 
drjluid. 
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Emeggtncea  of  Modem  Laad. 


Shallow  Seas  and 
Floating  lee. 


Deep  vrater  with 
Floating  ice. 


Submergence   of 
thflland. 

Oreat  continental 
mantie  of  ice. 


Erosion  bj  conti- 
nental gladera. 


If  nch  floating;  ice 
and  local  glaoien. 

Submergence  of 
Pliocene  land. 


Erosion  hj  atmo- 
spheric agencies, 
and  accumulation 
of  decomposed 
rock. 


Tlie  Boulder-olay  correspondfl  predsely  in  dAraoter  with  that  of 
Scotland  and  Northern  Europe ;  but  land-ioe  has,  in  Dr.  Dawson's 
opiuion^  had  nothing  to  do  with  its  formation.  To  the  period  of  its 
deposition  he  assigns  the  exoavation  of  the  basins  of  the  great 
American  lakes.  Of  course  he  rejects  utterly  the  possibility  of  the 
mode  of  this  excavation  being  referred  to  glaoiers.  "Its  real  cause," 
he  says,  ''  was  obyiously  the  flowing  of  cold  currents  over  the 
American  land  during  its  submergence."  Further  on  he  asserts  that 
<' running  water  could  not  have  done  this  [cut  out  the  lake-basins], 
for  it  could  have  no  outlet,"  whereas  in  the  same  page  (p.  14)  he 
mentions  with  approval  the  large  collection  of  facts  given  by  Dr. 
Newberry  in  his  Report  on  the  GFeology  of  Ohio,  "which,**  he 
admits,  "go  far' to  show  that  were  the  old  channels  cleared  of  drift, 
and  the  continent  slightly  elevated,  the  great  lakes  would  be  drained 
into  each  other  and  into  the  ocean  by  the  valleys  of  the  Hudson  and 
the  Mississippi  without  any  rock  cutting."  We  do  not  know  how 
Dr.  Dawson  reconciles  the  two  statements. 

The  action  of  glcu)iers  in  Eastern  America  Dr.  Dawson  would 
limit  to  the  most  insignificant  degree,  and  he  indeed  goes  so  fisur  as  to 
say  that  in  Canada  and  Nova  Scotia  he  has  "  seen  nothing  that  could 
fairly  be  regarded  as  the  work  of  glaciers."  The  moraines  which  less 
strictly  marine  glacialists  often  find  in  those  regions,  he  regards  as 
"  shingle  beaches  and  bars,  old  coastlines  loaded  with  boulders  and 
czars  "  (sic). 
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Jthough  Dr.  Dawson  states  that  the  eoMip  de  grdce  has  been  given 
he  American  continental  glacier  theory,^  and  that  too  by  excess 
leal  in  its  advocacy  on  the  part  of  Prof.  Dana  I — yet  we  cannot 
ik  that  old  sea-beaches  can  ever,  in  a  majority  of  cases  at  least, 
mistaken  for  moraine-heaps  by  any  tolerably  keen-eyed  field- 
logist. 

lie  great  value  of  Principal  Dawson's  paper  i»  however  by  no 
ins  lessened  by  its  strongly  controversial  character;  and  the  large 
>unt  of  clearly  recorded  facts  which  it  contains  must  earn  for 
high  position  as  a  work  of  reference  concerning  the  regions  of 
!ch  it  more  especially  treats. 

'he  palseontological  part  of  the  Memoir  is  very  fall,  but  is  not 
c7n  up  so  as  to  be  easily  consulted  for  stratigraphical  purposes. 
)ut  205  species  are  enumerated,  all  of  which,  with  the  exception 
hree  or  four,  are  recent  northern  or  arctic  forms.  Of  these  16 
f  appear  to  belong  to  the  Saxicava  sand,  including  five  land  and 
h- water  shells,  which  "  seem  to  have  been  drifted  by  some  fresh- 
er stream  into  the  sea  of  the  Saxicava  sand  and  Leda  clay." 
ir  of  the  marine  species  have  not  been  found  below  the  Saxicava 
1,  but  the  rest  are  common  to  it  and  to  the  Leda  clay.  The 
it  mass  of  the  fossils  is  found  immediately  below  the  Saxicava 
i  in  the  upper  layers  of  the  Leda  clay,  the  main  portions  of  both 
osits  being  comparatively  barren.  A  new  shell  from  the  Leda 
'  is  desciibed  in  the  paper  before  us  under  the  name  of  Chorister 
ans;  this  is  indeed  the  only  new  species  found  apparently  in 
»  beds.  An\ong  the  Foraminifera  we  notice  the  occurrence  of  a 
resentative  of  the  genus  Saccamminay  a  genus  first  dredged  up 
Bars,  who  named  it,  which  was  next  found  fossil  in  a  bed  of 
leetone  of  Lower  Carboniferous  age  in  Northumberland,  and  de- 
bed  (S.  Carteri)  by  Mr.  H.  B.  Brady,  and  which  it  is  interesting 
ind  turning  up  again  unexpectedly  (apparently  in  a  stunted  form) 
;lacial  beds  on  the  other  side  of  the  Atlantic, 
'he  fauna  of  the  Boulder-clay,  on  which  Dr.  Dawson  must 
essarily  rely  to  a  great  extent  in  pronouncing  it  to  be  of  marine 
^n,  is  very  restricted,  consisting  (so  far  as  we  can  make  out  from 
tudy  of  the  lists  given)  of  only  seven  species,  all  except  one 
imon  to  both  Boulder  and  Leda  clay.  The  localities  in  which  the 
ilder-clay  is  fossiliferous  are  all,  it  seems,  situated  near  and  about 
mouth  of  the  St.  Lawrence,  being  quite  barren  of  fossils  further 
This  appears  to  us  to  be  a  point  of  some  importance  scarcely 
jlt  upon  sufficiently  by  our  author. 

n  conclusion,  we  cannot  do  better  than  let  Dr.  Dawson  give,  in 

own    words,  a   summary  of  his  views  on  the   character   and 

lence  of  the  phenomena  connected  with  the  glaciation  of  Canada : 

In  the  earlier  part  of  the  (Glacial)  period,  the  elevated  land  of 

Pliocene  epoch  gradually  sank  under  the  waters,  and  the  remainder 

t  became  refrigerated  and  covered  with  snow  and  ice.     At  the 

od  of  greatest  subsidence,  nearly  all  the  hills  were  submerged, 

heavy  ice  from  the  north  ground  over  their  summits ;  while  the 

er  part  of  the  Boulder-claj  and  the  lower  beds  oi  ttie  "L^^  cJUrj 
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were  deposited  in  the  Talleys.  As  the  land  rose  again,  ioe-clad  hills 
returned,  and  new  though  perhaps  less  extensive  glaciers  were 
formed,  and  fresh  crops  of  boulders  were  deposited  in  ti^e  shallowing 
seas  of  the  Saxicava  period.  Snow  still  exists  throughout  the  sum- 
mer in  the  higher  ravines  of  the  White  Mountains,  and  on  the  hills 
of  Labrador,  and  a  subsidence  of  a  few  hundred  feet  in  the  valley 
of  the  St.  Lawrence  and  the  country  to  the  southward,  would  suffice 
to  restore  them  to  the  condition  of  snow-clad  hiUs  giving  off  icebergs 
from  their  bases,  so  near  are  we  yet  to  the  Olacial  Period ;  and  so 
little  did  it  really  differ  from  that  condition  of  the  continent  which 
still  exists." 

13M  December^  1872.  G.  A.  L. 


Gbolooical  Socibtt  of  London. — I. — Not.  20, 1872. — ^Prof.  P.  Martin  Duncan, 
F.R.S.,V.P.,  in  the  Chair. — The  following  communications  were  read: — I.  "On the 
Geolofify  of  Thnnder-Baj  and  Shahendowan  Mining  Districts  on  the  North  Shore 
of  Lake  Superior."    Bj  H.  Alleyne  Nicholson,  M.D.,  F.G.8.,  etc. 

The  author  descrihed  the  general  characters  of  Thunder  Bay,  which  is  almoft 
landlocked  on  the  south-east  oy  the  hold  promontory  of  Thunder  Cape  and  a  series 
of  islands  which  form  a  continuation  of  it  The  rocks  immediately  turrounding 
Thunder  Bay  helong  to  the  '*  Lower  and  Upper  Copper-bearing  series  *'  of  Canadian 
geologists.  The  latter,  consisting  of  sandstones,  shales,  limestones,  marls,  and 
conglomerates,  chiefly  of  a  red  or  reddish  colour,  with  interstratified  traps,  is  re^uded 
by  we  author  as  probably  of  Lower  Silurian  age,  in  accordance  with  the  opinion  of 
Sir  Wm.  Lo^.  The  "Lower  Copper-bearing  series"  is  also  yery  Taried  in 
character;  it  u  treyersed  by  trap-dykes,  and  contains  sereral  well-marked  inter- 
stratified  traps.  It  is  penetretea  by  two  sets  of  mineral  ?eins,  containing  great 
abundance  of  silver.  The  majority  of  these  run  along  the  strike  of  the  bMs  in  a 
general  E.N.E.  and  W.S.W.  direction;  the  remainder  are  transverse,  running  neariy 
N.  and  S.  Of  the  latter  the  most  important  is  the  **  Silver-islet  vein,"  which  is  three 
or  four  feet  in  width,  and  consists  of  quartz  with  native  silver  and  galena ;  picked 
specimens  of  the  stuff  have  assayed  from  £1000  to  £2000  per  ton.  This  vein  baa 
Men  worked  for  about  two  years,  and  has  proved  remarkably  productive.  Of  the 
former  series  the  most  important  is  the  "Shuniah  vein,'*  which  runs  along  at  a 
distance  of  one  and  a  half  to  two  miles  from  the  north  shore  of  Thunder  Bay,  the 
mines  in  which,  although  quite  in  their  in&ncy,  promise  excellent  results.  Its  width 
is  twenty-two  feet,  aiul  the  vein-stuff  consists  mainly  of  calc-spar.    The  silver  is 

E resent  m  the  native  form,  and  as  sulphide.    The  vein  traverses  hard  black  shales, 
ut  does  not  run  exactly  along  the  strike  of  the  beds ;  it  may  be  traced  for  several 
miles  towards  the  east. 

The  country  between  Thunder  Bay  and  Lake  Shahendowan,  along  the  "  Dawion 
Road,"  is  of  an  undulating  character,  and  the  surface  of  its  fundamental  rocks  every- 
where exhibits  unmistakable  evidences  of  glaciation,  the  general  direction  of  tne 
striae  being  N.  and  S.,  but  with  the  occasional  occurrence  of  a  minor  set  of  grooves 
running  nearly  E.  and  W.  The  greater  part  of  the  country  is  thickly  covered  with 
drift,  composed  of  rocks  which  appear  to  have  travelled  from  north  to  south. 

The  rocks  pancd  over  between  Thunder  Bay  and  Lake  Shahendowan  are  described 
by  the  author  as,  1,  the  shales  and  traps  of  the  "Lower  Copper-bearing  series"; 
2,  a  range  of  syenitic  and  gneissic  rocks,  probably  of  Laurentian  age ;  3,  a  great 
series  of  rocks  belonging  to  the  Huronian  group,  consisting  of  greenish  or  grey  slates, 
with  bands  of  gneiss  and  trap-dykes,  and  bedded  green  traps  with  great  masses  of 
greenish,  grey,  or  drab-coloured  slates,  the  whole  presenting  a  close  resemblance  to 
the  green  slates  and  porphyries  of  the  English  llake-distnct  The  slates,  in  the 
author's  opinion,  are  bedded  felspathic  ashes. 

The  aotnor  described  the  general  characters  of  Lake  Shahendowan,  and  stated  that 
from  the  foot  of  the  lake  for  about  fifteen  miles  westward  there  is  a  succession  of 
trappcan  rocks,  beyond  which,  to  the  head  of  the  lake,  distant  thirteen  miles,  tha 
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eoimtry  is  ooenimd  by  Huronian  alates  like  those  between  tbe  lake  and  Thander  Bay. 
These  elatei  extend  for  an  nnknown  distance  north-west  of  the  head  of  the  lake,  and 
contain  numerous  reins,  having  an  E.N.E.  and  W.S.W.  direction,  conformable  with 
the  strflce  of  the  beds,  and  some  of  them  are  anriferoos.  The  rein-stuff  is  q|Uarts, 
containing  copper  pyrites;  the  gold  is  contained  in  the  copper  p^rrites,  or  disseminated 
in  Tery  minnte  grains  through  the  quartz.  Seyeral  of  these  reins  are  being  worked, 
and  their  pecoliarities  were  noticed  by  the  author. 

JHtcuuiim, — Mr.  H.  Woodward  mentioned  that  Br.  Nicholson  had  presented  to 
the  British  Museum  some  of  the  rich  specimens  of  silver  ore  described  in  the  paper. 

Mr.  D.  Forbes  corroborated  the  author  as  to  the  richness  of  the  ore.  A  lump 
which  had  been  submitted  to  him,  weighing  295  lbs.,  containing  no  less  than  187  lbs. 
of  silver.  He  called  attention  to  tne  resemblance  between  the  vein-stuff  from 
Thunder  Bay  and  that  from  the  Eonigsberg  silver  mines  of-  Norway,  many  specimens 
being  so  much  al&e  that  it  was  impossible  to  distinguish  them. 

2.  "  Note  on  the  Relations  of  uie  supposed  Carboniferous  Plants  of  Bear  Island 
with  the  PalfiBozoic  Flora  of  North  America."  By  J.  W.  Dawson,  LL.D.,  F.B.S., 
F.G.S.,  F.Z.S, 

The  author  referred  to  Dr.  Heer*s  paper  on  the  Carboniferous  Flora  of  Bear  Island 
(see  Q.  J.  O.  S.,  voL  xxviiL,  p.  161),  and  stated  that  the  plants  cited  by  Dr.  Heer  as 
characteristic  of  his  **  Ursa  Stase,"  are  in  part  representatives  of  the  American  flora 
belonging  to  what  the  author  has  called  the  "  Lower  Carboniferous  Coal-measures  *' 
(Subearboniferous  of  Dana).  He  considered  that  the  presence  of  Devonian  forms 
was  due  either  to  the  mixture  of  fossils  from  two  distinct  but  contiguous  beds,  or  to 
the  fact  that  in  these  high  northern  latitudes  there  was  an  actusu  intermixture  of 
the  two  floras.  He  diasented  altogetiier  from  Dr.  Heer's  identification  of  these  plants 
with  those  of  the  Chemung  group,  or  with  those  of  the  Middle  Devonian  of  New 
Brunswick. 

IHaeuBtion, — Mr.  Carruthers  stated  that  the  list  of  the  eleven  Lower  Carboniferous 
plants  published  in  Principal  Dawson's  '*  Acadian  Geology"  did  not  contain  a  single 
species  found  in  Bear  Island ;  but,  on  the  other  band,  some  species  and  several  well- 
marked  forms  were  common  to  the  Bear-Island  deposits  and  the  Devonians  of  North 
America,  and  he  had  no  doubt  that  Prof.  Heer  had  in  his  paper  rightly  correlated 
these  floras.  As  to  the  age  of  these  plant-bearing  beds,  found  alike  m  bear  Isknd, 
Ireland,  the  Vosges  Mountains,  Canada,  and  Australia,  Mr.  Carruthers  said  that  it 
was  difficult  to  draw  any  lines  which  would  separate  the  Palteozoic  plants  into  clearly 
marked  and  distinct  floras ;  but  if  the  Devonian  is  to  be  retained  as  a  sptem,  all 
these  plant-bearing  beds  belonged  rather  to  that  system  than  to  the  Carboniferous. 

3.  **  Further  Notes  on  Eocene  Crustacea  from  Portsmouth."  By  Henry  Wood- 
ward, Esq.,  F.G.S.,  F.Z.S. 

In  this  paper,  after  referring  to  his  former  communication  on  Crustacea  from  the 
Lower  Eocene  deposits  at  Portsmouth  (Q.J.G.S.,  vol.  xxviii.,  p.  90),  the  author  gave 
a  full  description  of  Rhachiosoma  bispinosa^  one  of  the  new  species  described  in  it, 
the  materials  bein^  furnished  by  several  fresh  specimens,  which  show  the  whole 
structure  of  the  animal.  The  new  points  include  the  description  of  the  limbs,  the 
anterior  border  of  the  carapace,  the  lower  surface  of  the  body  in  both  sexes,  and  the 
maxillipeds. 

The  author  also  characterized,  under  the  name  of  Litoricola^  a  new  genus  of  Shore- 
crabs  allied  to  Graptus,  from  the  same  deposits.  Of  this  genus  he  described  two  new 
species,  L.  glabra  and  X.  dentata. 

Discusawn. — Mr.  Mever  gave  some  particulars  as  to  the  horizon  from  which  these 
fossils  were  derived.  Xliey  all  came  from  the  argillaceous  sands  with  Beiitalimn^ 
mentioned  in  his  former  paper.  These  beds  are  much  mottled,  probably  owing  to 
the  burrowing  of  the  crabs  {Falaocorystes), 

Mr.  "Woodward,  in  answer  to  inquiries,  pointed  out  that  these  crustaceans  were  of 
purely  littoral,  and  not  of  pelagic  forms ;  and  their  feet  were  in  a  condition  better 
adapted  for  walking  than  for  swimming.  The  long  epibranchial  spines  in  Rhachiosoma 
formed  weapons  of  offence,  and  were  of  much  service  to  the  pelagic  forms,  though 
their  retention  in  the  littoral  forms  was  not  of  easy  explanation.  The  Litorieola 
were  essentially  adapted  for  running  on  land  and  burrowing.  As  an  instance  of  the 
disparity  in  the  hanos  of  crabs,  he  cited  the  common  Calling  crab,  which  had  always 
one  hand  greatly  larger  than  the  other. 

4.  "  On  a  new  Tnlobite  from  the  Cape  of  Good  Hope."  By  Henry  Woodward, 
Esq.,  F.G.S. 
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The  Tiilobite  deicribed  wm  obtained  bj  Dr.  W.  G.  Athenione,  F.G.S.,  from 
the  Cook's  Comb  Mountains  at  the  Cape  of  Good  Hope,  and  was  preserred  in 
a  nodule,  the  impression  retained  in  which,  when  broken,  furnidied  the  moat  inatme- 
tive  details  as  to  its  structure.  Ench  of  the  eleren  thoracic  s<»pnents  was  furnished 
with  a  long  median  dorsal  ^ine,  giving  to  the  profile  of  um  animal  a  crested 
appearance ;  on  each  side  of  this  the  axis  of  the  segment  bears  two  or  three  tubercles, 
and  the  rid^e  of  the  pleurs  four  or  fiye  tubercles.  The  tail  is  terminated  by  a  spine 
more  than  half  an  inch  in  length,  and  all  the  spines  are  annulated.  For  this  Trilooite 
the  author  proposed  the  name  of  Enerinunu  eristagaUi^  although  with  some  donbt 
as  to  the  genus,  the  head  being  only  imperfectly  preserved. 

Ditemtion, — Mr.  Evans  called  attention  to  the  importance  of  examining. the  matrix 
out  of  which  foflsil  Trilobites  were  extracted,  as  were  it  not  for  the  matrix  the  spinas 
on  this  specimen  would  hare  escaped  observation. 

Mr.  Woodward  had  not  until  the  day  of  the  meeting  been  able  to  examine  the 
Trilobites  collected  at  the  Cape  by  the  late  Mr.  Bain,  ai^  had  at  first  sight  doubted 
whether  the  fossil  he  had  described  might  not  be  identical  with  l^hliuSteui  BarnU 
of  Salter;  but  on  closer  examination  he  was  inclined  to  consider  it  distinct.  He 
preferred  for  the  present  retaining  it  in  the  genus  EnerUmnm,  but  still  with  some 
doubt.  / 

6.  *<  On  an  Extensive  Landslip  at  Glenorchy,  Tasmania."  By  S.  H.  IflnaUe^  Esq. 
Communicated  by  Professor  Bamsay.  F.E.S.,  V.P.6.S. 

In  this  paper  the  author  described  the  effects  of  an  extensive  landslip  from  the 
northem  race  of  Mount  Wellington,  in  Glenorchy,  about  five  miles  from  Hoban 
Town.  It  took  place  during  the  night  of  the  4th  June,  1872,  after  a  rainfall  of  4| 
inches  in  twenty-four  hours.  The  ddbru  descended  nearly  2000  feet  into  the  bed  of 
tha  rivulet  of  Glenorchy.  By  l^e  force  of  the  accompanying  torrent  great  quantities 
of  huge  trees,  some  of  them  200  feet  long,  were  piled  up  in  vast  heaps,  mixed  with 
boulders,  agricultural  implements,  fences,  and  other  objects.  The  trees  were  de- 
prived of  burk,  branches,  and  roots.  The  Carboniferous  limestone  forming  the  bed 
of  the  rivulet  was  exposed  by  the  washing  of  the  torrent  for  more  than  two  miles; 
natural  sections  showed  the  blue,  shelly  limestone,  alternating  with  beds  of  mudstone 
and  shales.  At  one  part  the  author  found  both  banks  of  the  rivulet  lined  with  small* 
sharply  angular  fragments  of  dioritic  greenstone  from  the  summit  of  the  mountain ; 
large  oloclu  of  the  same  rock  also  occurred.  The  author  described  the  beds  displayed 
in  a  section  close  to  the  base  of  the  great  landslip,  above  which  is  a  smooth  surface 
of  greenstone,  covered  with,  prostrate  trees  and  immense  blocks  of  greenstone  half 
buried  in  yellow  clay  and  sludge.  The  whole  neiehbourhood  was  deiscribed  bv  the 
author  as  presenting  evidences  of  former  landslips.  The  author  further  described  the 
appearances  presented  by  the  upper  winding  part  of  the  evilly  traversed  by  the 
torrent ;  and,  in  conclusion,  noticed  certain  results  of  similar  phenomena  as  displayed 
in  the  same  district.    The  paper  was  illustrated  by  three  stereoscopic  views. 

Discutsion, — Mr.  W.  T.  Blanford  mentioned  somewhat  similar  landslips  as  occur- 
ring in  the  Himalayas,  and  on  fully  as  extensive  a  scale.  In  some  cases  not  only  the 
loose  soil  but  large  masses  of  solid  rock  were  carried  down. 

Mr.  Drew  mentioned  other  instances  in  India  of  a  similar  character,  but  thought 
that  in  the  Himalayas  frost  also  assisted  in  the  work  of  destruction. 

n. — December  4,  1872. — Prof.  P.  Martin  Duncan,  F.R.S.,  Vice-President,  in 
the  Chair. — The  following  communications  were  read : — 

I.  **  On  the  Tremadoc  Rocks  in  the  Neighbourhood  of  St.  David's,  South  Wales." 
By  Henry  Hicks,  Esq.,  F.G.8. 

The  author  stated  that  Tremadoc  rocks  occur  in  three  distinct  places  near  St. 
David's,  namely  in  Ramsey  Island,  at  the  north  end  of  Whitesand  Bay,  and  over  a 
considerable  tract  of  country  about  five  miles  east  of  St.  David's.  Tney  rest  con- 
formably on  tiie  Lingula-fli^,  and  are  about  1000  feet  thick  in  Ramsey  Island.  The 
author  noticed  the  fossils  found  in  these  deposits,  nearly  all  of  which  are  of  new 
species,  and  stated  that  the  palaeontological  evidence  proves  these  rocks  to  be  nearly 
allied  to,  if  not  identical  with,  the  lower  part  of  the  Tremadoc  rocks  of  North  Wales. 
The  Upper  Tremadoc  rocks  of  North  Wales  seem  to  be  represented  at  St.  David's  by 
the  so-called  Arenig  rocks  which  overlie  the  deposits  described  in  the  present  paper. 

The  new  species  described  by  the  author  are  as  follows :  — 
Ne*euretu9  (g.  n.  Trilob.)  Ramteytntit^  qttadratus,  neurvatutf  and  $longatu$, 
Niohe  Menapue  and  iolvtfuit, 
Thsca  J>apidiu 
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BeBsrophmi  Raim$»ff€nm  and  9ohmiii. 

Iklatifrina  Bamssy$H»is, 

Ihndroerimit  CktmirtHM, 

CUnodontu  Mmapimns  and  Cambrentit, 

JM^Ntrca  Hopkinmmi  and  oboloitUo,   , 

GfypUtrea  (g.  n.)  primmva  and  ZobUyu 

DrnvuUa  (g.  n.)  omata  and  plana, 

Modioioptit  Sam$0if$tm9,  Homfrayi,  ioheruia,  and  Camhrenna. 

He  also  noticed  the  ooonrrence  in  the  depoiit  of  LinguUlla  Davisii,  M'Coy,  Zinnia 
pttalom,  HickB,  OboUUa  plieata.  Hicks,  Orthis  Carautii,  Salt.,  and  Mmapim^  Hioka^ 
ind  JBophptoH  ixplanatut^  Hicki. 

lH§eu8M0tK — Mr.  Lobley  commented  on  the  importance  of  the  discoyery  of  so  manj 
well-marlced  speciei  of  liamellibranchiata  in  beas  of  an  earlier  date  uian  thoae  in 
irhieh  theirpreeence  had  preTiously  been  known. 

Mr.  H.  Woodward  agreed  in  regarding  the  Iftsiureius  and  other  foesils  exhibited 
bj  the  author  as  new. 

Mr.  Hopkinson  remarked  on  the  similarity  of  the  faunas  of  the  Tremadoc  and 
Arenig  rocks  to  those  of  the  Potsdam  and  Quebec  rocks  of  America.  With  regard  to 
the  connexion  between  the  Arenig  and  Uandeilo  beds,  be  mentioned  that  but  one  or 
two  species  of  Graptolites  passea  from  one  to  the  other.  It  was,  howeyer,  between 
the  Tremadoc  and  Arenig  rocks,  if  anywhere,  that  there  appeared  to  be  a  distinct 
break  in  the  series. 

2.  '*  On  the  Phosphatic  Nodules  of  the  Cretaceous  Bock  of  Cambridgeshire.*'  By 
the  Bey.  0.  Fisher,  M.A.,  F.G.S. 

The  author  stated  that  this  paper  was  founded  upon  one  read  by  him  before  the 
Society  in  May  last,  but  subsequently  withdrawn,  in  consequence  of  his  obtaining 
information  which  necessitated  a  change  of  opinion  upon  certain  points.  The  new 
portion  related  chiefly  to  those  nodules  which  had  been  regarded  as  belonging  to 
jPbrospotiffia  or  Seyphia^  the  fenestrated  structure  shown  in  sections  of  which  the 
author  now  identified  with  the  structure  of  Ventriculites,  as  described  by  Mr.  Toulmin 
Smith,  the  whole  arrangement,  and  especially  the  presence  of  an  octahedral  figure 
at  the  nodes  where  the  fibres  of  the  framework  intersect  one  another,  being  in 
fayour  of  this  determination.  The  author  described  the  peculiarities  of  these  octa- 
hedra,  and  dwelt  particularly  upon  the  fact  that  these  sections  of  phosphatic  nodules 
showed  clearly  that  the  fibres  are  really  tubular,  and  not,  as  Toulmiu  Smith  supposed, 
solid. 

3.  "  On  the  Ventriculitida  of  the  Cambridge  Upper  Greensand."  By  W.  Johnson 
Sollas,  Esq.,  Associate  of  the  Aoyal  School  of  Mines,  London.  Communicated  by 
the  Bev.  T.  G.  Bonney,  M.A.,  F.G.S. 

A  collection  of  supposed  sponges  found  in  the  Cambridge  Upper  Greensand  had 
been  in  part  referred  to  the  genera  Scyphia  and  Poroepongia,  and  in  part  left  uniden- 
tified. An  examination  of  sections  of  these  forms  by  the  microscope  had  reyealcd  all 
the  details  of  Ventriculite  structure ;  and  a  careful  comparison  with  Mr.  Toulmin 
Smith's  descriptions  and  specimens  hud  resulted  in  the  identification  of  those  examined 
with  some  four  of  Mr.  Smith's  species;  thus  Scyphia  tessellata  was  shown  to  be 
equivalent  to  Ventriculites  tessellatus  (or,  more  correctly,  V.  texturatus)^  Forospovgia 
oetUata  to  V.  cavatus^  and  other  unnamed  forms  to  V.  quincuhcialis  and  V.  mam^ 
millarit  respectively.  The  occurrence  of  ventriculite-structure  in  coprolitic  material 
presents  a  favourable  opportunity  for  a  fresh  inquiry  into  its  nature  ;  accordingly  the 
author  described  the  minute  characters  of  the  hexradiate  elements  of  which  the 
skeleton  is  composed,  and  the  combinations  of  these  hexradiates  with  one  another. 
Abnormalities  occur  sometimes  by  the  hexradiates  becoming  heptoradiate  or  pentara- 
diate,  and  sometimes  by  some  oi  their  rays  bending  quite  away  from  their  normal 
course.  The  whole  of  the  skeleton  fibre  is  distinctly  tubular.  Since  the  Ventriculite 
fibres  have  now  been  found  fossilized  in  chalk,  fiint,  and  calcic  phosphate,  there  can 
be  little  doubt  that  they  were  keratosc.  and  not  siliceous  in  their  nature.  If  this  be 
so,  we  have  a  difference  between  Vitrea  and  Vcntriculitidaj  of  ordinal  value  at  least, 
and  we  must  look  for  allies  to  the  Ventriculites  among  the  homy  8T)onges.  Verongia 
resembles  Ventriculites  in  the  single  hollow  cavity  of  its  fibre  and  the  non-spiculate 
character  of  its  skeleton ;  Darwinella  otfers  a  resemblance  in  its  hexradiate  homy 
spicules,  and  Spongionella  in  the  regular  arrangement  of  its  fibres.  These  three 
genera  arc  indices  of  the  directions  in  which  the  Keratosa  tended  to  ^ax^.    A.\i  t^^^t^ 
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early  periodjmat  Tariation  oocimed  amonf  Ihe  Kentofa,^  wludi  afamdr,  at  the 
time  of  the  Weiase  Jura,  had  eyolyed  such  highly  symmetrical  ipedalisecl  forma  ai 
the  Yentricalitee ;  these,  with  their  contemporanr  yariatioiti,  soch  as  Veroogioid 
forms,  lived  on  in  great  numhera  thronghoat  Uie  M  esosoic  period,  with  the  close  of 
which  the  Ventricnlites  altogether  disappeared ;  and  the  nearest  allies  dwindled  down 
to  the  dwarfed  and  rare  genera  V^rongia,  jD»rtPtnella,  and  perhaps  SponaumsUm, 

DucHttum, — Mr.  J.  F.  Walker  was  not  prepared  to  admit  that  all  phorohatie 
nodules  had  heen  orj^aniced  bedies,  inasmuch  as  most  of  the  fossil  shells  in  the  deposit 
were  found  filled  with  phosphatio  mud  of  the  same  nature  as  the  nodules. 

Mr.  Chariesworth  auo  disputed  the  organic  origin  of  the  amorphous  coprolitesv 
and  pointed  out  the  analogies  between  the  so-called  coproUtes  of  the  Crag  and  those 
of  the  Upper  Greensand,  and  the  flints  of  the  Chalk.  He  cited  Khrenberg  as  of 
opinion  that  the  latter  were  masses  of  fossilized  Infusoria,  while  Dr.  Bowerbank 
maintained  that  they  were  merely  fossil  sponges,  and  drew  the  deduction  that  cantion 
was  necessary  in  accepting  any  theory  as  to  the  origin  of  the  phosphatic  nodules. 

Mr.  Seeley  was  not  entirely  in  accord  with  Mr.  Fisher  as  to  tne  number  of  fonns 
assumed  by  the  phosphatic  nodules.  There  were  some  that  resembled  eommon 
septaria,  and  in  many  cases  the  original  form,  especially  in  the  case  of  the  presumed 
yentriculitea,  had  been  much  modified  by  rolling  on  the  sea-bottom.  In  support  of 
■the  view  of  the  sponge-origin  of  some  of  the  nodules,  he  exhibited  some  of  the 
modem  forms  of  sponges  enyeloning  di^erent  objects  in  the  same  manner  as  the 
phosphatic  matter  included  in  shells  and  other  fossils.  The  Forofffongim  in  the  Wood^ 
wardian  Museum  were,  he  said,  not  phosphatic,  but  calcareous  fossUs;  and  he 
thought  there 'had  been  some  mistake  by  Mr.  Sollas  in  alluding  to  these  spedmena. 
llie  phosphatic  masses  were  frequently  drilled  and  filled  with  glauconite  and  oilier 
matter.  He  doubted  the  yentriculite  origin  of  many  of  the  nodules,  and  pointed  oat 
that  the  so-called  yentriculites  were  in  reaUty  Oeellarim, 

Mr.  H.  Woodward  mentioned  that  a  similar  structure  to  that  described  in  tiie 
Yentriculites  had  been  obsenred  by  his  colleague  Mr.  Kent  in  a  modem  sifioeoos 
sponge,  and  obseryed  on  the  siroilanty  in  some  respects  between  yentriculite-etrootnre 
and  mat  of  Euplt^dla  atpergiUum,  He  thought  that,  whateyer  mijght  be  the  origin 
of  some  of  the  Chalk-ftints  and  phosphatio  nodules,  it  was  quite  impossible  to 
refer  the  whole  of  them  to  the  growth  of  sponges. 

Mr.  Fisher,  in  reply,  did  not  agree  with  some  of  the  speakers  in  considering  that 
yarious  organic  remains  were  often  found  imbedded  in  coprolitic  matter,  thotif  h  many 
were  filled  or  partially  coyered  with  it  There  was,  he  tnought,  a  difference  oetween 
the  coprolites  of  the  Crag  and  those  of  the  Greensand ;  the  surface  of  the  great  bulk 
of  the  latter  had  to  his  eye  an  unmistakably  organic  appearance.  In  some  cases  he 
thought  they  might  haye  been  allied  to  Alcyonaria,  He  did  not  agree  with  Mr. 
Seeley  as  to  many  of  them  being  in  a  rolled  condition. 

Mr.  Sollas  stated  that  some  of  the  coprolites  contained  siliceous  Xanthidia  and 
Folyeystina  uninjured,  which  afforded  an  aigument  ac^inst  regarding  the  Yentrieidites 
as  having  originally  had  a  siliceous  skeleton,  which  had  suoeequently  been  replaced 
by  phosphate  of  lime.  He  had  also  found  well-preseryed  siliceous  spicules  m  the 
coprolites.  The  forms,  though  numerous,  were  well  defined  and  susceptible  of  daasi- 
fication,  which  he  had  attempted  to  undertake.  He  could  not  acknowledge  any 
mistake  in  reference  to  Poroapongia, 

Qeoloqistb*  Association. — December  6th. — The  Rey.  Thos.  Wiltshire,  M.A., 
F.G.S.,  in  the  Chair. 

1.  "On  Coal  Seams  in  the  Permian  at  Ifton,  Shropshire,  with  Remarks  on  the 
supposed  Glacial  Climate  of  the  Permian  Period."  By  D.  C.  Davies,  F.G.S.  The 
author  showed  the  eiistence  of  three  well-defined  and  workable  seams  of  coal  above 
the  red  sandstones  and  marls  which  are  generally  held  to  form  the  base  of  the 
Permian- strata.  lie  then  proceeded  to  show  the  identity  of  these  red  beds  with 
similar  beds  overlying  the  Coal  throughout  several  of  the  Midland  Counties,  and 
with  the  red  sandstones  of  the  north  of  England,  and  also  that  the  overlying  sand- 
stones, shales,  and  coals  were  the  equivalents  of  the  magpiesian  limestones  and 
calcareous  conglomerates  which  occupy  the  same  horizon  in  widely  distant  places. 
After  referring  to  the  former  probable  extension  of  these  beds  over  a  large  area,  the 
author  point^  out  that  in  the  neighbourhood  described  the  gap  or  break,  which  is 
isually  supposed  to  oocur  between  the  Coal-measures  and  the  Permian,  was  partly,  if 
not  quite,  bridged  over,  fie  also  noticed  how  the  different  geological  formations 
were  dovetuled  into  each  other,  the  old  passing  into  the  new,  and  not  divided  by 
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diarp,  iraD-defined  linei.  From  the  identity  of  the  a^  of  these  Coal-aeams  with  the 
Penoiao  oonglomerate  of  Alberhorr,  only  fifteen  miles  distant,  he  questioned  the 
probability  of  that  conglomerate  oeing  of  glacial  origin,  since  two  climates  so 
SMtfiilftr  as  a  glacial  one  and  that  in  which  a  Carboniferous  flora  flourished  could 
not  eiist  together  within  so  limited  an  area.  In  conclusion,  Mr.  Daries  pointed  out 
the  necessity  for  alterations  of  the  boundaries  of  the  Permian  and  the  Coal-measures 
in  any  future  geological  maps  of  the  district. 

2.  **  Note  on  a  Well-Section  at  Finchley."  By  Caleb  Erans,  F.G.S.  The  author 
desoibed  the  yarious  strata  traversed  by  a  well  recently  sunk  by  the  East  Bamet  Gas 
and  Water  Company  at  the  north  end  of  Finchley.  The  strata  are  as  follows: 
glacial  days,  grayels,  and  sands,  66  feet ;  London  clay  (with  basement  bed  containing 
Oyprifutj  Fmnop€Mi,  etc.),  171  feet ;  Lower  Tertiaries  (mottled  clay,  pebble  beds,  ana 
nad),  68  feet;  chalk  with  flints,  about  216  feet.  At  this  depu  a  good  supply  of 
water  has  been  obtained. 


THE  GEOLOGICAL  SURVEY  IN  THE  SOUTH  OF  SCOTLAND. 

Sib, — ^In  reply  to  Mr.  Jack's  letter  in  the  December  number  of 
the  GxoLOOiOAL  Maoazins,  I  beg  to  refer  him  to  Mr.  Lapworth's 
commnnication  in  the  same  number,  from  which  it  will  be  seen  that 
an  opinion,  practically  identical  with  the  one  I  expressed  in  the 
previous  number,  has  for  some  time  been  held  by  Mr.  Lapworth, 
who  has  thoroughly  and  completely  worked  out  the  inter-relations 
of  the  Mofifat  shales,  and  from  whom  I  received  the  first  hint  that 
these  shales  were  capable  of  division,  by  their  fossils,  into  distinct 
zones,  easily  recognizable  in  localities  far  apart. 

Pending  the  issue  of  the  Geological  Survey  Memoir  on  the  whole 
Silurian  region  of  the  South  of  Scotland,  in  which,  I  infer,  from  Mr. 
Jack's  letter,  the  fossiliferous  rocks  will  be  distinguished  bed  by 
bed,  and  all  the  fossils  assigned  to  their  proper  zones,  I  adhere  to 
the  conclusion  at  which  I  arrived  about  two  years  ago,  after  ex- 
amining a  series  of  fossils  collected  by  the  Geological  Survey  of 
Scotland  in  the  Leadhills  district,  and  which  is  expressed  in  the 
Annals  of  Natural  History  for  May,  1871,  viz.  that  these  fossils 
"  parallel  the  rocks  of  this  locality  [Leadhills]  with  those  of  Mofifat, 
Dumfriesshire,  or  with  the  Llandeilo  flags  of  Wales. 

Mr.  Lapworth  may  perhaps  be  right  in  referring  some  of  the 
higher  zones  of  this  Graptolito-bearing  shale  (which  have  only  come 
under  my  observation  in  the  Mofifat  district)  to  a  higher  horizon  than 
the  Llandeilo,  for  they  are  characterized  by  the  presence  of  several 
species  which  occur  in  the  overlying  Gala  group,  in  its  representa- 
tive, the  "Graptolitic-mudstone"  of  Westmoreland,  and  in  Barrande's 
itage  E.  in  Bohemia,  while  they  have  not  yet  been  found  in  the 
Llandeilo  rocks  in  Wales.  Whether,  however,  a  series,  away  from 
the  Welsh  area,  should  be  referred  to  the  summit  of  the  Llandeilo 
or  to  the  base  of  the  Bala  group,  is  a  matter,  at  present,  of  no  great 
moment.  I  refer  to  it  here  to  show  that,  in  describing  my  new 
species  of  Graptolites  as  "  Graptolites  of  the  Mofifat  Group,"  I  was 
not  tmaware  that  a  division  of  the  beds  in  which  they  occur  might 
be  possible  after  a  careful  survey  of  the  whole  region ;  but,  while 
fully  acknowledging  the  admirable  manner  in  which  Mr.  Jack  has 
mapped  and  described  those  portions  of  the  Silurian  region  of  tlsift 
South  of  Scotland  which  he  has  himself  examined,  1  eannoV.  eon^csva 
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in  his  opinion  that  the  Leadhills  shale  is  many  thousand  feet  higher, 
and  therefore  of  much  younger  geological  age,  than  that  of  Moffat. 

J^HN  HOPKUISON. 

BtOaRAPHICAL   INaUIBIES. 

Snt, — ^The  difficulty  I  found  in  getting  together  information  about 
Richardson,  Townsend,  and  Lonsdale,^  and  the  scantiness  of  the 
records  of  many  other  of  the  early  geologists,  has  led  me  to  wish 
that  we  had  a  recognized  channel  for  Notes  and  Queries  on  subjects 
of  geological  history. 

I  venture  to  subxnit  that  a  page  or  two  of  the  Gbolooioal  Mao azins 
given  to  this  purpose  would  be  welcomed  by  young  geologists.  There 
are  many  of  the  older  Fellows  of  the  G^logical  Society  who  cherish 
in  their  memories  fragmentary  reminiscences  of  some  of  the  most 
honoured  and  useful  among  the  early  workers  in  the  science  and 
the  founders  of  the  Society.  Some  of  these  preserved,  even  as  de- 
tached records,  would  be  of  value. 

The  method  of  working,  opinions  held,  but  never  printed,  journeys 
taken,  acquaintance  with  other  scientific  men,  are  facts  about  geolo- 
gists which  may  often  explain  the  meaning  of  their  writings. 

The  origin  of  many  of  our  geological  terms  in  use,  the  time  and 
reason  of  the  abandonment  of  old  terms  and  classifications,  the 
gradual  growth  and  spread  of  opinions  before  any  indication  of 
them  appears  in  print,  are  all  matters  on  which  young  geologists 
can  gain  no  information  except  they  can  be  obtained  from  the 
veterans  of  the  science  and  placed  on  permanent  record  in  print. 

A  correct  appreciation  of  what  has  been  already  done  is  the  first 
step  to  future  work.  Though  your  Maoazinb  is  devoted  to  the 
advancement  of  science,  I  beg  your  consideration  as  to  whether  such 
notes  as  I  suggest  may  not  fitly  find  a  place. 

New  University  Club,  Bt.  James's  St.,  W.  S.  M. 

London,  S.W.,  Dgumber  IS,  1872. 


1.  Cuvier  and  Brongniart,  in  the  first  abstract  they  published  of 
their  work,  state  that  they  made  a  hurried  communication  before 
their  investigations  were  complete  because  "  some  circumstances " 
compelled  them  to  publish  at  once,  in  order  to  claim  priority  of  date. 
Has  it  ever  been  openly  stated  what  these  circumstances  were? 
Had  they  anything  to  do  with  William  Smitli's  work  in  England  ? 

2.  In  Hamilton's  Anniversary  Address  to  the  Geological  Society  on 
February  loth,  1866,  in  the  obituary  notice  of  Greenougl),  is  this 
passage,  "In  that  year  (1807)  he  succeeded  in  associating  with 
himself  several  active  and  able  advocates  of  the  then  infant 
science,  the  result  of  which  was  a  proposal  to  found  a  new  society, 
for  the  furtherance  of  geological  and  mineralogical  sciences,  A 
printed  list  of  geological  queries  was  issued,  and  regulations  for  the 
management  of  a  new  society  were  discussed  and  arranged." 

Is  there  any  copy  of  this  printed  list  in  existence  ?  It  would  be 
interesting  to  know  what  were  considered  at  that  time  to  be  impor- 
tant geological  queries.  W.  S.  M. 

1  See  Prooeedingiy  Bttii  Field  Nat  Club,  1S72. 
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L — Ok  ths  Thxobt  of  Seasonal  Migrations  dusinq  the 

Plsistooini  Period. 

Bt  Jambs  Geikib,  F.B.S.B., 
Dutriet  Sarreyor,  Geological  Survey  of  Scotland. 

(PLATE  IV.  Fio.  1.) 

IN  a  paper  recently  read  before  the  Geological  Society/  Mr. 
Dawkins  has  re-stated  his  Tiews  concerning  the  climate  of 
the  Pleistocene  period,  and  has  replied  to  certain  objections  to  his 
theory  brought  forward  by  myself  in  former  numbers  of  this 
Magazine.*  After  carefully  reading  the  paper  referred  to,  I  find 
no  reason  to  alter  or  modify  what  I  haye  written  upon  this 
question.  Mr.  Dawkins  has  unfortunately  missed  the  point  of  my 
objections ;  and  my  argument,  as  it  seems  to  me,  remains  unanswered. 
But  as  that  gentleman  has  introduced  some  new  matter  into  his 
own  argument,  I  shall  endeavour  as  briefly  as  may  be  to  review 
hia  pomtion. 

la  his  former  papers  Mr.  Dawkins  contented  himself  with 
iMing  his  opinion  that  the  appearances  presented  by  our  river- 
gitfvira  and  cave-deposits  were  only  explicable  on  the  assumption 
tiiAt  vomething  like  a  Siberian  climate  had  characterized  Europe 
dmvig  Pleistocene  times.  He  did  not,  however,  tell  us  how  such' 
a  dimate  was  induced  or  could  be  induced  under  the  physical- 
ocmditions  which  are  inferred  to  have  obtained  duritig  the  last 
continental  state  of  the  British  area.  He  now  informs  us  that 
the  climate  he  postulates  was  brought  about  by  "the  extension 
of  a  large  mass  of  land  from  the  equator  to  the  polar  circle.  Sucli 
a  mass  of  land  extended  from  the  range  of  Atlas  northwards  to 
the  miowy  regions  of  Scandinavia  during  the  Pleistocene  age,  the 
Uediterranean  being  reduced  to  two  laud-Iockcd  seas,  and  the 
nudfiJand  of  Africa  being  continued  on  the  one  hand  into  Spain, 
and  on  the  other,  by  Malta  and  Sicily,  into  Italy,  and  Greece 
extending  so  far  south  as  to  embrace  Candia.  Such  an  extent  of 
landi"  ^^  continues,  "is  surely  an  exact  parallel  to  the  two  cases 
whidi  I  have  quoted  above  (viz.  North  America  and  Northern 
kMom)  ;  and  cUmatal  extremes  must  necessarily  have  been  the  result 
of  the  eubeiitotion  of  land  for  such  a  large  area  that  is  now  covered 
bj  flie  sea."     This  is  a  wonderful  conclusion,  and  one  which  I  feel 

,    1  8ee  QfULTt.  Joum.  Geol.  See,  1872,  vol.  xxTiii.,  p.  410. 
»  Gboi*.  Mao.  Vol,  IX.  pp.  164,  215. 
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quite  sure  no  pbyBicist  will  adopt.  But  I  shall  come  to  that  pre- 
sently. Meanwhile,  geologists  may  well  ask  what  are  the  grounds 
upon  which  they  are  invited  to  believe  that  during  the  period  of 
local  glaciers,  when  Britain  formed  part  of  the  continent,  the  whole 
area  of  the  Mediterranean  stood  some  3000  feet  higher  than  at 
present  ?  The  only  fact  adduced  in  support  of  this  hypothesis  is 
simply  this : — ^remains  of  ITtppopotamua  Pendandi  occur  at  Megalo- 
polis in  the  Morea,  and  in  Crete. 

But  before  this  fact  can  become  of  any  service  whatever  to  the 
<*  migration*'  theory,  it  will  be  necessary  to  prove  that  the  remains 
in  question  really  belong  to  late  Pleistocene  times  (t.e.  our  local 
glacier  period).  For  aught  any  one  can  say,  however,  the  Candiaa 
hippopotamus  may  date  back  to  the  early  Pleistocene  or  even  to  the 
Pliocene.  We  know  far  too  little  as  yet  about  the  synchronism  of 
later  Tertiary  deposits  in  different  parts  of  Europe  to  justify  us  in 
at  once  fixing  the  precise  age  of  the  little  hippopotamus,  hippo- 
potamus major  is  believed  to  have  lived  in  Europe  during  Pliocene 
times,  and  there  is  certainly  no  a  priori  reason  why  the  smaller 
species  should  not  have  occupied  the  same  area  at  approximately  the 
same  time.  It  may  belong  exclusively  to  late  Pleistocene  times,  but 
at  present  the  evidence  does  not  entitle  us  to  hazard  this  assumption. 

Again,  those  who  believe  in  the  wonderful  powers  of  locomotion 
ascribed  to  the  Pleistocene  pachyderms,  may  be  excused  if  they 
should  ask  whether  so  great  an  elevation  of  the  Mediterranean  urea 
as  500  fathoms,  is  really  required  by  the  circumstances  of  the  case. 
Might  not  an  active  animal  have  swum  across  from  Greece  to  Candia, 
by  way  of  Cerigo,  Cerigotto,  and  the  little  islets  in  their  neighbour- 
hood ?  The  distance  between  Cerigotto  and  Candia  is,  to  be  sure, 
twenty  miles ;  but  that  could  hardly  have  been  considered  a  barrier 
by  the  enterprising  hippopotamus  of  Pleistocene  times.  If  the 
voyage,  however,  should  be  thought  rather  too  long,  even  for 
a  Pleistocene  wanderer,  we  might  suppose  it  shortened  by  a  much 
less  elevation  than  500  ^  fathoms — say  250  fathoms.  With  this 
amount  of  upheaval  several  islets  would  appear  between  Candia 
and  Greece,  to  serve  as  baiting  places,  and  the  hippopotamus  might 
then  have  performed  its  journey  in  easy  stages,  per  mare  ei  terras. 

But  we  do  not  need  to  tax  the  swimming  powers  of  the  little 
hippopotamus  in  order  to  show  that  an  elevation  of  the  sea-bed 
to  the  extent  of  500  fathoms  is  quite  unnecessary  to  account  for 
the  presence  of  that  pachyderm  in  Candia.  An  examination  of  the 
Admiralty  Charts  shows  no  greater  depth  than  210  fathoms  between 
Candia,  Kaxo,  Karpathos,  Hhodes,  and  the  mainland  of  Asia  Minor. 
The  depth  is  even  ten  fathoms  less  than  this,  by  way  of  Ehodes, 
Astropalia,  Kos,  and  Kalimno.  Thus  by  an  elevation  of  only 
200  fathoms  Candia  might,  for  aught  we  know,^  become  connected 

^  The  greatest  depth  between  Greece  and  Candia  indicated  upon  the  Admiralty 
Chart  of  the  Mediterranean  is  only  300  fathoms.  But  the  actual  depth  may  be  mora, 
as  the  bottom  was  not  reached  by  the  soundings-line. 

'  It  mu-Ht  be  understood  that  the  Admiralty  soundings  are  not  continuous  between 
these  islands  any  more  than  they  are  between  Cape  Mafea  (Moraa)  and  Cape  Spuda 
(Candia). 
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with  the  mainland,  and  there  is  no  reason  why  the  hippopotamus 
may  not  have  reached  Candia  hy  this  route. 

Finally,  it  is  quite  oertain  that  even  could  we  demonstrate  that 
Candia  was  joined  to  the  mainland  in  late  Pleistocene  times,  still 
our  demonstration  would  not  prove  that  all  the  Mediterranean  area 
stood  at  the  same  high  leveL  Unequal  movements  have  taken  place 
contemporaneously  within  the  Mediterranean  basin,  and  it  might 
quite  well  be,  that  the  western  regions  of  the  Mediterranean  stood 
at  their  present  level  or  were  even  depressed  below  it  at  the  very 
time  that  Candia  formed  part  of  the  mainland.  It  seems  to  me, 
therefore,  that  the  Candian  hippopotamus  is  asked  to  prove  too 
much,  and  that  less  questionable  evidence  must  be  adduced  before 
we  can  be  expected  to  believe  that  during  our  local  glacier  period 
the  Mediterranean  existed  as  two  land-locked  seas. 

For  the  sake  of  argument,  however,  I  shall  admit  that  all  the 
geographical  changes  desiderated  did  actually  obtain.  And  yet, 
admitting  this,  I  still  hold  that  the  climate  required  by  the  *'  migra- 
tion" theory  could  not  possibly  result.  We  must  remember  that, 
in  speculating  upon  the  climate  of  so  recent  a  period  as  the  Pleis- 
tocene, we  trecid  upon  infinitely  surer  ground  than  when  we  are 
attempting  to  discover  the  conditions  under  which  Silurian,  Liassic, 
or  even  Miocene  and  Pliocene  deposits  were  accumulated.  At  the 
beginning  of  Pleistocene  times  the  physical  features  of  our  continent 
were  much  the  same  as  they  are  now, — all  the  great  high  grounds, 
all  the  great  drainage-systems,  were  even  then  in  existence.  Denu- 
dation, no  doubt,  helped  during  the  Pleistocene  age  to  modify  these 
features;  but,  when  viewed  on  the  large  scale,  such  modifications 
of  the  land's  surface  may  be  disregarded.  Then,  if  this  be  so, — ^if 
the  changes  referred  to  were,  comparatively  speaking,  so  inconsider- 
able,— we  may  be  very  sure  that  since  the  disappearance  of  local 
glaciers  in  Britain  there  has  been  even  less  change  in  the  physical 
features  of  Europe.     This  is  one  important  fact  to  remember. 

Again,  we  know  that  under  the  present  condition  of  things,  our 
continent  owes  the  equableness  of  its  climate  in  great  measure  to 
the  influence  of  the  Atlantic.  This  is  another  important  fact  that 
we  cannot  lose  8iti;ht  of,  but  which  seems  strangely  enough  to  have 
escaped  Mr.  Dawkins'  attention.  Were  an  extensive  land-surface 
to  be  substituted  for  that  great  ocean,  there  is  no  reason  to  doubt 
that  our  summers  and  winters  would  be  as  excessive  as  those  in 
similar  latitudes  of  Asia  and  North  America. 

A  glance  at  the  map  of  the  world  will  show  that  in  almost  every 
particular  the  continent  of  Euro])e  differs  from  those  of  Asia  and 
North  America.  And  as  one  result  of  this,  the  climates  are  essen- 
tially different  also.  Now  the  question  to  bo  considered  is  simply 
this:  supposing  that  the  British  area  were  to  become  continental,  and 
our  shores  to  extend  some  little  distance  further  into  the  Atlantic, 
the  Mediterranean  at  the  same  time  being  reduced  to  two  land- 
locked seas, — and  supposing  further  that  all  the  present  glacier 
areas  in  Europe  were  to  be  cmsiderably  increased  in  size,  perennial 
snow  and  ice  filling  the  upland  valleys  of  Great  Britain  anOi  It^X^m-v^., 
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and  those  of  other  mountain  districts  in  our  continent  which  are 
now  destitute  of  glaciers, — would  all  this  result  in  producing  a 
climate  like  that  experienced  in  Northern  Asia  and  the  temperate 
latitudes  of  North  America  ? 

The  immediate  e£fect  produced  by  the  converaion  of  a  laige  part 
of  the  Mediterranean  into  dry  land  would  be  something  like  the 
following.  The  hot  dry  winds  coming  from  Africa  would  part  with 
less  warmth  and  suck  up  less  moisture  than  they  do  now,  and,  as  a 
consequence  of  this, .  summer  in  the  countries  bordering  upon  the 
Mediterranean  would  be  hotter  and  drier.  Mr.  Dawkins  seems  to 
have  a  decided  objection  to  winds.  ''All  speculations  as  to  the 
prevalent  wind  at  that  remote  time  in  different  parts  of  Europe 
appear  to  me,"  he  says,  ''mere  guesses,  and  nothing  else."  Perhaps 
he  will  tell  us  how  otherwise  than  by  winds  the  extra  warmth  de- 
rived from  his  hypothetical  land  was  to  be  carried  north.  Either 
winds  brought  the  warmth  north,  or  they  stole  away  with  it  in  some 
other  direction ;  but  if  central  Europe  was  to  have  its  climate  in- 
fluenced by  the  new-bom  land,  then  a  southerly  wind  was  the  only 
medium  by  which  such  a  result  could  have  been  effected. 

Now  we  know  that  in  the  present  economy  of  things  the  climatal 
influence  of  the  Mediterranean  in  summer-time  extends,  but  a  very 
short  distance  north  into  Europe.  It  certainly  does  not  cross  either 
the  Alps  or  the  Pyrenees.  A  line  drawn  from  Bayonne  by  Viviers 
and  Turin  to  the  head  of  the  Adriatic  corresponds  to  the  July  iso- 
thermal line  of  72^*5  P.  When  the  same  line  is  continued  towards  the 
north-east  into  Hungary,  it  suddenly  sweeps  down  to  Constantinople; 
and,  circling  round  the  Black  Sea,  returns  upon  itself  at  Odessa, 
after  which  it  continues  for  some  distance  in  the  normal  north-easterly 
direction.  That  sudden  curve  to  the  south-east  is,  of  course,  due  to 
the  presence  of  the  Black  Sea,  and  seeing  that  the  Mediterranean 
does  not  influence  the  same  isothermal  line  either  in  Prance,  Italy, 
or  Austria,  it  is  quite  clear  that  the  modifying  effect  of  this  large 
inland  sea  has  nothing  whatever  to  do  with  the  climate  of  central 
Europe.  South  of  the  line  referred  to,  however,  we  find  the  July 
isotherms  violently  disturbed.  That  of  11^  P.  runs  along  the 
shores  of  the  Mediterranean  from  Barcelona  by  Perpignan  and 
Montpellier  to  Toulon.  Prom  this  place  it  strikes  directly  S.S.E.  to 
Cape  Spartivento,  then  curves  gently  on  to  Palermo,  after  which  it 
sweeps  round  by  Messina  and  the  Gulf  of  Taranto,  across  Italy,  and 
more  than  half-way  up  the  Adriatic.  It  then  doubles  suddenly  back 
upon  itself,  skirts  the  eastern  shores  of  the  Adriatic,  and  crosses  the 
south  of  Turkey  and  the  ^gean  Sea  to  Mytelene  and  Asia  Minor. 
This  irregularity  is  just  as  surely  caused  by  the  presence  of  the 
Mediterranean  as  the  abrupt  curving  of  the  July  isothermal  line  of 
72°-5  is  due  to  that  of  the  Black  Sea.  In  short,  it  is  perfectly 
apparent  that  the  isotheral  lines  in  the  south  of  Europe  are  deflected 
by  the  inland  seas  from  their  normal  direction, — this  deflection  being 
confined  to  the  immediate  proximity  of  these  basins.  But  in  central 
and  northern  Europe  all  the  isotheral  lines  are  pushed  south  by  the 
overwhelming  influence  of  the  Atlantic  (see  Chart  Plato  IV.  Pig.  1); 
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while,  in  the  opposite  season,  all  the  isooheimal  lines  are  swept 
boldly  north  and  north-east. 

Were  the  Mediterranean  to  be  oonverted  into  two  land-locked 
seas,  the  isotheral  lines  in  that  area  would  then  be  less  disturbed, 
and  Would  preserve  the  general  south-west  and  north-east  trend 
which  they  follow  in  central  Europe.  The  summers  in  Italy, 
Turkey,  and  Greece  would  thus  be  somewhat  hotter  and  drier,  but  the 
general  summer  temperature  of  Europe  would  remain  unaffected. 
The  winds  flowing  from  the  south  would  no  doubt  be  warmer,  but 
they  would  also  carry  less  moisture.  When  they  reached  the  Alps, 
they  would  part  with  their  warmth  and  moisture,  just  as  they  do 
now ;  but  sinoe  they  would  bring  more  of  the  one  and  less  of  the 
other  than  at  present,  the  snow'fields  and  glaciers  on  the  south  side 
of  the  Alps  would  tend  to  shrink  back.  Again^  the  isothermal  chai*t 
shows  that  the  supposed  increase  of  land  would  not  produce  any 
appreciable  olimatal  effect  beyond  a  short  distance  into  Spain  and 
France,  while  not  a  trace  of  its  influence  would  reach  England. 
The  Continent,  laved  along  its  entire  western  borders  by  a  wide 
ocean,  would  be  cooled  over  an  immense  area  by  the  winds  blowing 
from  west  and  south-west ;  such  is  the  case  now,^  and  it  must  have 
been  equally  so  in  late  Pleistocene  times.  Nor  can  we  forget  that 
the  presence  of  great  snow-fields  and  glaciers  in  every  mountain 
district  would  tend  still  more  to  keep  down  the  summer  temperature. 
Thus,  even  had  the  warmth  derived  from  the  Mediterranean  area 
been  ten  times  greater  than  we  can  conceive  it  to  have  been,  its  effect 
would,  nevertheless,  be  counterbalanced,  and  far  more  than  counter- 
balanced, by  the  influence  of  the  Atlantic  and  the  presence  of  the 
glaciers  and  snow-fields.  Mr.  Dawkins,  however,  thinks,  that  **  the 
inference  that  the  summer  temperature  would  be  lower  than  at 
present  in  Britain,  because  there  were  glacier-areas  in  the  north  and 
in  the  higher  districts  in  Central  Europe,  is  inconclusive,  since  the 
mere  existence  of  a  glacier  tells  us  nothing  of  the  summer  heat 
of  the  surrounding  regions.  Could  we  precScate,  for  instance,  the 
temperature  of  the  Subhimalayas  from  the  contemplation  of  the 
glaciers  of  the  central  ridge?  or  the  summer  heat  of  Lombardy 
or  of  Provence  from  the  glaciers  of  the  Alps  ?  "  I  confess  I  do  not 
see  the  force  of  these  remarks.  Britain  is  not  in  the  latitude  of 
northern  India,  neither  is  it  in  that  of  Lombardy ;  while,  in  comparison 
with  the  Alps  and  the  Himalayas,  our  mountains  are  mere  monticules. 
We  are  not  discussing  the  climate  of  some  hypothetical  land  in  the 
planet  Mars,  but  are  treating  of  that  of  a  well-defined  region,  the 
geographical  and  physical  conditions  of  which  during  late  Pleistocene 
times  have  been  definitely  enough  determined.  The  causes  that 
render  the  summers  of  Europe  much  less  excessive  than  those  of 
Asia  and  North  America  were  assuredly  in  existence  during  the 
period  referred  to.  We  are  perfectly  justified,  therefore,  in  holding 
that  with  snow- fields  and  glaciers  in  our  area  it  is  absolutely 
impossible  that  our  summers  could  have  been  so  warm  as  they  are 

^  See  Professor  Coffin's  elaborate  memoir  on  the  **  Winds  of  the  Northern  Hemi- 
iphere,"  Smithionian  Contribuliont,  1S53. 
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now.  It  would  be  a  different  matter  indeed  conld  we  suppose  the 
Atlantic  to  have  been  obliterated  at  the  same  iime  as  the  Mediter- 
ranean I  But  under  such  geographical  and  physical  conditions  as 
did  actually  obtain  in  north-western  Europe  during  our  local-glacier 
period,  it  is  quite  dear  that  the  summers  in  Britain  must  have  been 
miserably  ungenial,  and  the  vegetation  poor  and  scanty.  The 
Arctic  sun,  instead  of  shining  as  in  Asia  upon  flat  snowless  plains, 
would  strike  its  rays  in  the  extreme  north  of  Europe  over  extensive 
snow-flelds,  where  all  the  heat  would  be  taken  up  in  melting  the 
snow,  and  consequently  any  wind  that  reached  our  latitudes  from  the 
north  would  be  cold  and  ungenial. 

In  winter-time,  supposing  the  Gulf-stream  to  have  flowed  then  as 
it  flows  now,  the  cold  would  be  ameliorated  over  all  western  Europe. 
But  should  the  presence  of  the  Gulf-stream  be  objected  to,  then,  in 
the  absence  of  this  great  heat-bringer,  our  winters  would  indeed  be 
excessive,  and  our  summers  dreary  in  the  extreme.  In  short,  we 
may  conclude  that  so  long  as  Europe  exposes  a  vast  line  of  coast  to 
the  Atlantic,  and  so  long  as  her  physical  features  endure,  just  so 
long  will  her  climate  continue  to  differ  from  that  of  either  Asia 
or  North  America,  no  matter  whether  or  not  the  British  Islands 
become  continental  or  the  area  of  land  in  the  Mediterranean  basin 
be  increased.  And  as  it  is  in  the  present,  so  also  it  must  have  been 
in  the  past.  No  mere  obliteration  of  our  inland  seas  could  neutralize 
the  influence  of  the  outlying  ocean.  If  the  summers  of  Europe 
are  at  present  rendered  less  excessive  by  the  presence  of  the 
Atlantic,  the  same  must  have  been  the  case  during  the  last  con- 
tinental condition  of  our  islands,  and  that  to  a  much  greater  degree, 
owing  to  the  presence  of  more  numerous  and  larger  snow-fields. 
For  this,  if  for  no  other  reason,  it  seems  to  me  that  the  theory  of 
seasonal  migrations  during  the  Pleistocene  period  must  be  abandoned. 

In  illnstratdon  of  Mr.  G^ikie*s  paper,  see  PI.  TV.  Fig.  1,  Map  of  Europe,  with 
Igothcrroal  lines  of  Jaly,  Reduced  from  Dr.  A.  Petermann*B  Memoir  on  the  Qnlf 
Stream,  Geographische  Mittheikingen,  1870. 

n. — Dbsobiptions  op   two   New  Spboibs  op  Fossil  Tubioolab 

Annelides. 

By  H.  Allbtnb  Nicholson,  M.D.,  D.Sc,  M.A.,  F.R.S.E. 

Professor  of  Natural  History  and  Botany  in  University^College,  Toronto. 

(PLATE  IV.  Figs.  2  and  3.) 

IN  a  recent  paper  (American  Journal  of  Science  and  Arts,  vol.  iii., 
March,  1872),  I  founded  a  new  genus,  under  the  name  of 
ConchicoltteSy  for  the  reception  of  some  singular  Tubicolar  Annelides 
found  growing  upon  the  shells  of  Orthocerata  in  the  Lower  Silurian 
of  the  North  of  England.  The  following  were  the  characters  which 
I  ascribed  to  the  genus,  and  to  the  single  species  upon  which  it  was 
founded : 

CoNoniooLiTEs,  Nich. — Animal  social,  inhabiting  a  calcareous  (?) 
tube,  attached  in  clustered  masses  to  some  solid  body.  The  tube 
conical,  slightly  curved,  attached  by  its  smaller  extremity.  The 
wall  of  the  tube  thin,  its  external  surface  devoid  of  longitudinal 
stJise,     The  tube  thin,  composed  of  short  imbricated  rings,  but  appa- 
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renily  destitnte  of  any  cellular  stmoture.  Cast  of  the  tube  composed 
of  short  conical  rings,  its  surfisu^e  completely  smooth,  and  destitute  of 
Btriffi  or  furrows. 

Conehicolites  gregarius,  Nioh. — ^Tubes  closely  in  contact,  attached 
by  their  smaller  ends  to  dead  shells.  Tube  varying  in  length  from 
a  quarter  to  half  an  inch,  and  having  a  diameter  at  its  mouth  of  about 
half  a  line.  Conical  rings  which  compose  the  tube  about  four  in 
the  space  of  a  line. 

I  have  now  to  describe  a  very  distinct  and  beautiful  species  of  this 
genus,  which  has  been  forwarded  to  me  through  the  kindness  of 
Prof.  Edward  Orton,  of  the  Geological  Survey  of  Ohio,  and  for  which 
I  propose  the  name  of  Conehicolites  eorrugaius,  from  the  strongly - 
marked  annulations  of  the  tube. 

Conehicolites  corrugatus,  Nioh. — Tubes  growing  socially  in  clustered 
masses  upon  the  shells  of  molluscs ;  calcareous ;  destitute  of  vesicular 
structure;  conical,  and  gently  curved.  Attached  by  their  smaller 
extremities,  sometimes  for  the  space  of  a  line  or  more ;  and  either 
partially  free,  or  contiguous  to  one  another  throughout  the  remainder 
of  their  course.  Length  of  the  fully-grown  tube  ^  inch  or  a  little 
more ;  diameter  of  tube  at  mouth  ^V  inch.  Tube  composed  of 
conical  imbricating  rings,  about  forty  in  the  space  of  an  inch  (about 
four  in  the  space  of  Vg-  inch),  giving  the  tube  a  strongly  annulated 
appearance. 

The  exquisite  preservation  of  the  specimen  from  which  the  above 
description  is  taken  (Plate  IV.  Fig.  2)  enables  me  to  settle  definitely 
certain  points  connected  with  the  structure  of  Conehicolites,  about  which 
my  specimens  of  C.  gregarius  had  left  me  in  doubt.  It  is  now  certain, 
as  I  had  previously  conjectured,  that  the  tubes  in  this  genus  agree 
with  those  of  the  modern  Serpula  in  being  calcareous,  and  that  they 
differ  altogether  from  the  extinct  genus  Cornulites  in  being  alto- 
gether destitute  of  any  cellular  structure.  They  differ  from  Serpulig 
in  having  the  tubes  composed  of  a  succession  of  imbricated  rings, 
the  wider  ends  of  which  are  directed  towards  the  mouth  of  the  tube. 
From  the  extinct  Ortonia,  again,  they  differ,  not  only  in  the  circum- 
stance just  mentioned,  but  in  their  social  clustered  habit  of  growth, 
and  in  the  fact  that  the  tube  is  not  attached  along  the  whole  of  one 
of  its  sides. 

The  specimen  figured  exhibits  the  tubes  of  more  than  thirty 
individuals  of  Conehicolites  corrugatus  attached  to  the  spire  of 
Cyclonema  hilix,  Conrad.  The  tubes  are  all  attached  to  the  shell 
by  their  smaller  ends,  and  radiate  from  their  points  of  attachment, 
somewhat  like  the  spokes  of  a  wheel.  Each  tube  is  conical,  circular, 
or  nearly  so,  in  section,  and  widening  out  gradually  from  its  apex  to 
its  mouth.  When  carefully  examined,  it  can  readily  be  made  out 
that  the  tube  really  consists  of  a  succession  of  short  calcareous  rings 
of  a  conical  form,  inserted  one  within  the  other — this  structure  being 
especially  perceptible  in  the  interior  of  the  broken  tubes.  From  the 
exterior,  however,  the  appearance  is  more  that  of  a  succession  of 
strongly  marked  ridges  or  annulations,  which  completely  surround 
the  tube,  and  are  separated  by  Blight  depressions  or  flatteuc^^  mX/^x- 
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spaces.  None  of  the  tabes  are  perfectly  straight,  but  all  are  more 
or  less  curved,  especially  towards  their  attached  ends.  The  extent 
of  the  attached  portion  of  the  tube  varies,  being  mostly  from  one  to 
two  lines.  Their  unattached  portions  run  generally  (in  any  two 
contiguous  tubes)  more  or  less  nearly  parallel  to  one  another ;  but, 
though  in  contact  in  many  instances,  it  is  doubtful  if  they  are 
actually  adherent,  and  they  are  most  probably  not  so. 

From  Canchicolites  gregarius,  the  present  species  is  distinguished 
by  its  greater  average  length  and  much  greater  diameter,  by  its 
much  less  closely  crowded  habit,  and  by  its  much  more  strongly 
marked  annulations. 

Loc,  and  Form. — ^Attached  to  the  shell  of  Cyclonema  (Pleuro- 
iomaria)  bilix,  Conrad,  from  the  Hudson  Biver  Qroup  (Lower 
Silurian)  of  Cincinnati,  Ohio. 

Ortonia  minor,  Nich. — Spec.  Char.  Tube  calcareous,  solitary, 
attached  by  the  whole  of  one  side  to  some  foreign  object.  Length  of 
tube  from  ^  to  -^  of  an  inch ;  diameter  at  mouth  from  -^V  ^  Vr  ^^ 
an  inch.  Tube  marked  with  transverse  ridges  or  annulations,  which 
are  sometimes  faintly  marked  on  the  side  opposite  to  the  attached 
surface,  and  the  number  of  which  is  about  fifteen  in  a  tenth  of  an 
inch.  Tube  in  general  strongly  curved  towards  its  smaller  extremity 
(Plate  IV.  Fig.  3). 

Numerous  specimens  of  this  very  distinct  species  have  been  placed 
in  my  hands  by  Professor  Orton  and  Mr.  IT.  P.  James  of  Cincinnati 
They  occur  growing  upon  valves  of  Sirophomena,  Orthia  plano- 
eonvexa,  Hall,  and  other  Brachiopods ;  and  I  have  also  a  fragment  of 
ChcBtetes  lycoperdon,  Lay,  covered  with  these  little  tubes.  There  can 
be  no  doubt  as  to  the  correct  reference  of  this  species  to  the  genus 
Ortonia f  which  I  recently  proposed  (Geolooioal  Maoazinr,  Vol.  IX. 
p.  446)  for  another  Tubioolar  Annelide  from  the  same  horizon.  The 
only  point  in  which  it  does  not  agree  with  the  character  which 
I  proposed  for  Ortonia,  is  that  it  does  not  appear  to  have  any 
cellular  structure  of  the  tube.  In  Ortonia  conica,  however,  this 
cellular  structure  is  confined  entirely  to  a  small  portion  of  the  tube 
(namely,  to  that  portion  opposite  to  the  attached  surface),  and  the 
absence  of  even  this  in  the  present  species  shows  that  it  cannot  be 
regarded  as  a  generic  character.  The  only  approach  to  the  same 
structure  which  I  can  detect  in  Ortonia  minor  is  that  the  transverse 
rings  or  annulations  which  surround  the  tube  become  faint  or 
obsolete  on  the  side  opposite  to  the  attached  surface.  Even  this, 
however,  is  by  no  means  constant,  and  the  rings  are  sometimes 
completely  continuous  over  the  whole  unattached  surface  of  the 
tube. 

Though  often  occurring  in  great  numbers  together,  the  tubes  of 
Ortonia  minor,  like  those  of  Ortonia  conica,  are  strictly  speaking 
solitary ;  that  is  to  say,  they  do  not,  like  the  tubes  of  Serptda  or 
Conchicolites,  interfere  with  one  another  or  come  into  contact-  except 
accidentally.  The  tube  is  generally  pretty  nearly  circular  in  section, 
though  sometimes  slightly  trigonal,  conical,  and  always  more  or  less 
curved.    Sometimes  it  is  simply  curved  like  a  horn ;  sometimes  it  is 
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like  the  letter  S;  and  sometimes  the  smaller  extremity  is 

into  a  flat  spiral.  I  can  detect  no  longitndinal  striatioli)  but 
e  is  covered  with  very  numerous  transverse  ridges  (at  least 
the  space  of  an  inch),  which  are  generally  better  marked  on 
18  than  on  the  back  of  the  tube.     In  very  small,  presumably 

specimens  I  have  been  unable  to  determine  the  existence 
a  ridges,  and  even  in  fully-grown  examples  they  are  more 
jr  marked  in  Some  than  in  others.  The  tube  is  always  attached 
ts  whole  length,  and  in  no  case  is  any  portion  ft'ee,  as  is  the 

CfmchieoUtes. 

aa»d  Form, — Common  in  the  Hudson  Eiver  Group  (Lower 
i)  of  Cincinnati,  Ohio,  attached  to  the  exterior  of  Brochiopods 
rkls. 

mdusion,  I  may  mention  here  some  singular  fossils  from  the 
ooality  and  formation  as  the  preceding,  which  have  been 
submitted  to  me  by  Mr.  U.  P.  James,  of  Cincinnati,  but  the 
tore  of  which  seems  uncertain.  The  fossils  in  question  were 
Qy  named  by  Mr.  James  TentacvJites  minuta  (MS.),  and  they 
ly  present  some  resemblances  to  this  genus.     They  consist  of 

,  conical,  flexuous,  or  curved  tubes,  about  xV  ^^^^^  ^  length, 
;  by  a  circular  aperture  at  their  widest  extremity,  and  having 
orface  wrinkled  with  irregular  rings  or  annulations.  In  all 
ssential  characters  these  thl>08  seem  to  agree  with  Ortonia 

but  they  differ  in  the  very  important  point  that  they  are  not 
d  to  any  foreign  body,  but,  on  the  contrary,  are  perfectly  free. 
Qt  think  they  can  possibly  be  referred  to  TcntaciditcSy  since 
^  flexuous  or  in  some  cases  irregularly  curved,  while  they  are 
te  of  the  strong  and  regular  annulations  of  the  typical  species 
I  genus.  Nor  can  they  be  referred  to  Ortonia,  unless  we 
I  that  their  occurrence  in  a  free  state  is  an  accidental  circum- 

due  to  their  having  become  detached  from  the  body  on  which 
;rew,  prior  to  fossilization.  This  is  a  possible  explanation, 
.  an  unlikely  one.  At  present  I  am  inclined  to  believe  that 
^e  here  a  Tubicolar  Annelido,  which,  like  Ditrupay  was  free 
"t ;  but  I  shall  delay  naming  and  describing  these  remarkable 
until  I  may  be  provided  with  more  ample  materials. 

Explanation  of  Plate  IV.  Fios.  2  and  3. 

3.-~a,  A  frroup  of  the  tubes  of  ConchicoUtrt  eorrugatus^  growing  upon  Pleuro* 
tomnria  hiliz^  natural  size. — 6,  A  HinKlc  tube  of  the  mime,  enlarged. 

S.— «,  Tabes  of  Ortonin  minor ^  Nich.,  growing  upon  a  Strophomena^  natural  aize. 
—A,  One  of  the  tubes  enlarged. 


IIL — Notes  on  Calceola  sandauna,  Labiabck. 

By  the  Key.  T.  R.  U.  Stehbino,  M.A. 
(PL.VTE  V.) 

:eola  sandalina,  both  by  its  generic  and  specific  name,  means 

shoe  or  slipper.     It  is  a  coiiinion  fossil  in  the  Devonian  rocks 

Eifel  and  other  continental  localities,  and  was  found  years 

,'  Mr.  Godwin-Austen  at  Ogwell,  near  Chircombe  Bridge,  in 

shire.     Cuvier  is  said  to  have  classed  it  with  tliQ  O^ftt^x^,  t\i>aA 
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making  it  a  bivalye;  Lamarck  placed  it  in  liis  order  Budistes,  of 
which  Woodward  writes  that  '*  they  are  the  mofet  problematic  of  all 
fossils ; "  ^  Davidson  figures  it  in  the  General  Introduction  to  his 
noble  Monograph  of  the  Fossil  Braohiopoda  of  Great  Britain,  pub- 
lished by  the  Palseontographical  Society  in  1853.  It  has  sinoe  then 
been  transferred  by  the  labours  of  Professors  Suess  and  Lindstiom 
to  the  Zoantharia  rugosa,  which  are  commonly  regarded  as  CSorals.' 
There  has  been,  therefore,  a  curious  game  of  **  hunt  the  slipper," 
not  without  some  very  interesting  and  instructive  results. 

Lindstrom's  paper  on  the  subject,  translated  by  himself  from  the 
original  Swedish,  will  be  found  in  the  Qeolooioal  Magazine  for  1866.* 
Already,  in  1853,^  Davidson  had  remarked  that  of  all  the  genera 
among  the  Brachiopoda,  Calceola  seemed  the  most  abnormal;  that  no 
one  had  been  able  to  point  out  the  probable  structure  of  the  animal, 
nor  its  true  position  in  the  Glass ;  that  while  so  ponderous  a  shell 
demanded  a  powerful  muscular  system,  no  traces  of  such  a  system 
had  been  observed  in  the  interior  of  the  valves;  and  that  in  some 
examples  so  much  calcareous  matter  had  been  deposited  as  to  leave 
but  little  free  space  for  lodging  the  animal.  These  acute  observations 
must  have  led  him  to  the  very  verge  of  discovering  the  true  state  of 
the  case ;  but,  unfortunately,  Dr.  Carpenter,  whose  paper ''  On  the 
Intimate  Structure  of  the  Shells  of  Brachiopoda"  is  prefixed  to 
Davidson's  Monograph,  though  he  examined  several  specimens  of 
Calceola  sandalina,  did  not  meet  with  one  in  which  the  texture  was 
sufficiently  well  preserved  to  enable  him  to  speak  positively  as 
to  its  character. 

Later  on,  Milne-Edwards  seems  to  have  had  the  clue  in  his  hand, 
to  have  been  "  very  warm,"  as  children  say  in  playing  at  "  hide-and- 
seek."  In  placing  the  Silurian  genus  Qoniophyllum  among  the 
Zoantharia  rugosa,  he  tells  us  that  it  had  been  regarded  as  a 
Brachiopod  shell,  and  that  in  fact  it  has  some  external  resemblance  to 
Calceola  of  Lamarck,  but  that  the  sections  of  it  he  had  made  left  no 
doubt  of  its  true  affinities.  Had  he  made  similar  sections  of  CaJceqla 
under  favourable  circumstances,  he  would  have  seen  that  its  true 
affinities  were  just  the  same  as  those  of  Ooniophyllum,  the  affinities  of 
neither  being  with  the  Brachiopods,  but  of  both  with  the  Zoantharia 
rugosa.* 

It  may  appear  remarkable  that  so  many  keen  observers  should 
have  mis-placed  in  the  MoUuscan  sub-kingdom  forms  properly 
belonging  to  the  sub-kingdom  of  the  Coelenterata,  but  there  are  extenu- 
ating circumstances.  All  the  soft  parts  of  the  animals  in  question 
perished  long  ago ;  what  was  left  looked  much  more  like  the  shell 
of  a  Mollusc  than  the  stony  deposit  of  the  Zoantharia.  For  several  un- 
doubted Brachiopods — Spirt/era  exporrecta  (Silurian),  Cyrtina  heiero- 
clita  (Devonian),  Spiri/era  «twpZca5  (Devonian),  and  others — had  much 

^  Manual  of  the  Mollusca,  by  S.  P.  Woodward,  1851-66,  part  ii.  p.  280;  seoond 
edition,  p.  441. 

»  Vol.  III.  p.  366,  PI.  XIV.  and  p.  406. 

'  Sec  **  Fossil  Brachiopoda  of  Great  Britain,"  Davidson,  in  the  Devonian  series. 
PalflBontographical  vol.  1863,  pub.  1865. 

*  Bistoire  des  Coralliaires,  rol.  iii.  p.  397. 
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the  same  general  ahape,  while  it  was  not  known  that  any  of  the  Bugosa 
had  lids  or  opercola.  Moreover,  in  most  species  of  Zoantharia,  when  the 
calyx  or  cup  is  simple,  that  is,  standing  alone,  its  shape  is  approxi- 
mately cironlar,  whereas  Calceola  sandaltna  has  one  surface  flattened, 
forming  the  sole  of  the  slipper.  A  wrinkle  running  down  the 
middle  of  this  surface  from  the  hinge  to  the  apex,  or  pointed  toe 
of  the  slipper,  helped  the  deception,  seeing  that  several  Brachiopods 
have  a  narrow  delta-shaped  prominence  in  .what  seemed  a  corre- 
sponding situation  on  the  ventral  valve. 

According  to  Lindstrom  it  was  Guettard  who  first  made  known  the 
occurrence  of  an  operculum  among  the  Zoantharia  rugosa.  In  all  pro- 
bability then  Guettard  is  a  very  good  observer,  for,  unless  fortune  be 
wonderfully  kind,  it  requires  excellent  eyes  to  be  able  to  see  a  thing 
through  a  heap  of  prepossessions.  Milne-Edwards  had  perhaps  an 
advantage  in  classifying  Goniophyllum,  in  that,  as  it  appears  from 
bis  silence,  he  did  not  know  of  the  existence  of  its  operculum.^  Thus 
be  had  one  temptation  the  less  to  class  it  among  the  Brachiopoda. 
Since  then  several  of  the  Bugosa  have  been  determined  to  be 
operouliferous,  in  particular  Goniophyllum,  Calceola  sandaltna,  and 
Calceola  Gotlandtca,  which  last  Lindstrom  re-names  Bhizophyllum 
Gotiandicum,  pointing  out  that  its  vesicular  structure  makes  it  a  link 
between  the  CyathophyllidsB  and  CystiphyllidaD.  By  this  structure 
and  its  rootlets,  and  possibly  by  its  gemmation,  it  diflfers  from 
Calceola  sandaltna,  which  in  all  oftier  respects  it  closely  resembles. 
But  the  rootlets,  the  vesicular  structure,  the  mode  of  gemmation,  all 
bind  Bhizophyllum  to  the  Bugosa  ;  and  in  whatever  section  Bhizo- 
phyllum stands,  undoubtedly  Calceola  must  stand  with  it.  The 
rootlets  are  common  to  both  the  families  above  mentioned,  so  is  the 
vesicular  structure,  some  specimens  of  Cyathophyllum  being  so 
strongly  vesiculose  as  to  suggest  a  doubt  whether  the  erection  of  the 
CystiphyllidsB  into  a  separate  family  be  tenable.  We  all  like  sharp 
definition  when  it  can  bo  had,  and  disapprove,  in  a  general  way,  of  a 
creature  which  we  cannot  make  out  to  be  either  fish,  flesh,  fowl,  or 
good  red  herring;  so  that  it  is  natural  to  feel  a  little  spite  against 
fossils  of  so  slippery  a  nature  that  they  come  to  us  at  first  looking 
like  Brachiopoda,  and  then  prove  to  be  Zoantharioe,  but  so  ill-disposed 
that  they  break  up  our  family  arrangements,  separating  what  we  had 
agreed  to  combine,  and  combining  what  we  had  agreed  to  separate. 
Nevertheless  the  supporters  of  a  certain  theory  have  a  grim  satis- 
faction when  the  discovery  of  new  forms  or  improved  classification 
links  together  species  and  genera,  or  even  higher  divisions,  in  a 
manner  entirely  consistent  with  the  hypothesis  of  a  common  origin 
for  large  branches  of  the  animal  kingdom,  but  repugnant  to  the 
other  hypothesis  of  an  abrupt  creation  in  accordance  with  definite 
types. 

*  It  may  be  doubted  wbetber  tbe  adult  Goniophyllum  pijramidale  really  bad  an 
opercalum  after  all !  It  is  true  Lindstrom  figures  a  detached  operculum  which  be 
refers  to  this  genus  (see  Geol.  Mao.  1866,  Vol.  III.  PI.  XIV.  Figs.  6  and  7,  p.  356), 
but  out  of  several  hundred  specimens,  obtained  within  the  lust  five  years  from  Dudley, 
not  one  possessed  an  operculum. — Edit.  Geol.  Mao. 
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The  Zoantharia  rngosa  bo  often  mentioned  are  invested  with  a 
wrinkled  sheath  or  outside  ooating  called  the  epiiheoa.  Soch  a 
coating  appertains  to  Caleeola  sandalina.  In  this,  as  in  so.  many 
other  speoiesy  the  epitheca  exhibits  the  lines  of  growth  encircling  the 
calyx.  When  the  nap,  so  to  speak,  is  worn  off  this  enter  garmenti 
a  threadbare  appearance  is  presented,  the  lines  running  from  the 
mouth  of  the  calyx  to  the  apex,  representing,  not  the  sculpture  of  a 
Brachiopod  shell,  but  the  outer  edges  of  the  septa,  just  as  they  are 
seen  under  similar  circumstanoes  in  many  of  the  allied  genera. 
These  septa  are  no  mere  surface-markings.  A  section  made  at 
about  ^  of  an  inch  from  the  mouth  of  a  large  calyx,  and  parallel  to 
it,  shows  them  plainly  in  the  interior,  numbering  about  160,  or 
perhaps  they  are  80  with  two  laminse  apiece. 

The  Zoantharia  rugosa  are  distinguished  by  a  quadripartite  arrange- 
ment of  the  septa.  Such  an  arrangement  is  visible  in  Calceda 
Bandalina,  The  section  just  described  shows  four  depressions,  two 
at  the  angles  where  the  curve  meets  the  flattened  side,  one  in  the 
centre  of  the  curve,  and  the  fourth  in  the  centre  of  the  flattened  side. 

The  Zoantharia  rugosa  exhibit  in  many  genera  a  structure  as  if 
many  funnel  or  basin-shaped  layers  were  packed  inside  one  another. 
It  is  found  very  conspicuously  in  ChonophyUum,  but  also  in 
Goniophyllum,  in  CyathophyUum,  in  Omphyma,  in  Strombodes,  and 
moreover  in  Cystiphyllum.  It  does  not  fail  us  in  Calceoia  aandalina, 
the  only  difference  being  that  there  it  is  more  neat  and  r^ular  than 
in  the  other  forms. 

Looking  now  into  the  hollow  of  the  calyx  and  to  the  inner  surface 
of  the  operculum,  we  shall  not  only  not  find  any  traces  of  muscular 
impressions  such  as  appear  in  Brachiopod  shells,  but  we  shall  find 
that  none  such  could  ever  have  existed,  for  the  whole  of  the  inner 
surface  of  both  calyx  and  operculum  is  seen,  in  the  best-preserved 
specimens,  to  be  occupied  by  the  elevated  edges  of  septa,  or  what  in 
the  operculum  are  the  equivalents  of  septa. 

A  peculiarity  not  noticed  by  Lindstrom  is  that  a  small  process 
rises  up  from  the  bottom  of  the  cavity  like  a  false  columella.  It 
would  also  appear,  contrary  to  his  supposition,  that  a  depression 
actually  exists  in  the  centre  of  the  flattened  side.,  as  before  mentioned, 
although  in  perfect  specimens  a  sort  of  plate  or  staple,  consisting  of 
two  laniinaD,  takes  the  place  of  the  depression  in  Uie  upper  part  of 
the  calyx. 

The  operculum  is  semicircular,  coated  with  an  epitheca  showing 
numerous  concentric  lines  of  growth.  Like  the  calyx,  it  has  a 
flattened  side,  in  form  a  very  obtuse-angled  equilateral  triangle,  with 
the  hinge-line  for  its  base.  Its  inner  surface  exhibits  numerous 
septiform  rays,  which  start  from  the  hinge-line  and  reach  the  circum- 
ference, having  a  pinnate  aiTangement  on  either  side  of  a  large 
central  ridge.  The  ridge  itself  is  separated  from  the  hinge-line  by 
a  pit  or  depression,  which  fits  the  top  of  the  staple-like  process  in  the 
calyx.  The  rays  are  prominent  at  the  rim  of  the  semicircle: 
along  the  hinge-line  they  seem  to  serve  the  purpose  of  minute  hinge- 
teeth,  projecting  more  or  less  alternately,  one  on  either  side  of  the 
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central  depression  being  eeipeoially  prominent.  At  a  little  distance 
from  the  hinge-Hne  and  from  the  central  ridge,  several  processes 
stand  oat  conspicuously.  These,  as  well  as  the  hinge-teeth,  fit  into 
grooves  and  depressions  in  the  framework  of  the  calyx,  at  all  stages 
of  growth,  as  the  sections  of  the  calyx  demonstrate.  The  attach- 
ment of  the  operculum,  by  means  of  these  and  the  interlocking  of 
the  ridge  and  staple,  must  have  been  very  secure,  which  will,  no 
doubt,  account  for  its  being  so  much  more  frequently  found  in  its 
native  position  upon  the  calyx  than  the  operculum  of  any  other 
rugose  fossil. 

We  have  refrained  from  applying  to  Calceola  the  convenient  name 
of  corals,  because  Lindstrom,  following  Agassiz,  gives  reasons  of  some 
weight  for  separating  the  Bugosa  from  the  true  polypes,  and 
conjectures  them  to  be  allied  rather  to  the  Hydrozoa  than  to  the 
Anthozoa.  They  would  in  that  case  be  a  link  between  the  two 
classes.  Quite  recently  Professor  Allman  has  found  reason  to  suspect 
that  the  Hydroida  are  connected  with  the  Bhizopoda  through  the 
Graptolites.  Thus  link  is  added  to  link,  and  the  chain  will  one  day 
be  perfect.  But  even  if  the  theory,  which  the  finding  of  these  links 
and  the  perfecting  of  this  chain  helps  to  corroborate,  prove  in  the  end 
to  be  utterly  untenable — if  we  see  these  links  only  because  we  wish  to 
see  them — if  the  landscape  is  coloured  green  only  because  we  are  look- 
ing at  it  through  spectacles  of  that  colour — still  there  is  this  immense 
advantage  in  a  new  and  attractive  hypothesis  over  an  old  unsub- 
stantiated prejudice,  that  while  the  latter  keeps  our  eyes  shut  or 
staring  vacantly  with  blank  gaze,  the  former  opens  them,  quickens 
them  to  study  and  research,  enables  them  to  see  the  landscape  and 
many  of  its  beauties  even  if  wrongly  coloured,  and,  for  one  spectre 
of  the  imagination  which  it  may  call  up,  shows  them  a  thousand 
useful  realities. 

EXPLANATION  OF  PLATE  V. 
Calceola  sandalina^  Lamarck,  DeTonian,  Eifel. 

Section  parallel  to  operculum,  showing  septa. 

The  same  enlarged. 
Vertical  section  through  the  operculum  and  calyx  at  right-angles  to  the 
hinge-line. 

The  same  enlarged. 
Flat  side  of  calyx,  showing  the  epitheca  with  its  median  ridge. 

Front  view  of  same  specimen,  showing  the  cavity  of  the  calyx. 

Side  view  of  same. 

Section  through  operculum  and  calyx,  parallel  to  the  hinge 'line. 
Young  specimen,  showing  the  large  median  septum. 
Flat  side  of  calyx  ;  epitheca  worn  away. 
Exterior  of  operculum. 
Fig.  8.     Interior  of  same.     8a.  Operculum  in  profile. 
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62     e7.  J?.  Pakyns — On  the  Drift  of  Derbjf shire  and  Yorkshire, 
IV. — Om  80MB  Points  ooknsoted  with  thb  Drift  or  Dksbtshiri 

AND   YOBKSHIBB. 

Bj  J.  E.  Daktkb,  Esq., 
H.  M.  Geological  Snrrej  of  England  and  Wales. 

IN  a  paper  of  mine  on  "The  Glacial  Phenomena  of  the  Yorkshire 
Uplands,"  read  before  the  Greological  Society  of  London  in  the 
spring  of  1872,*  I  compared  the  valley  of  the  Wye  in  Derbyshire  to 
those  of  the  Aire  and  Oalder  in  Yorkshire.  Tliis  was  a  mistake: 
the  Wye  rises  on  the  west  side  of  the  geological  axis  and  crosses  the 
anticlinal ;  bat  its  valley  does  not  cross  the  physical  axis,  which  ia 
nowhere  broken  through,  as  in  the  cases  of  the  Aire  and  Calder. 
The  lowest  part  of  the  watershed  at  the  head  of  the  Wye  basin  is  at 
Doveholes,  near  Chapel-en-le-Frith,  I  made  some  observations  by 
aneroid  to  ascertain  the  height  of  this  point.  The  watershed  south 
of  Doveholes  was  by  aneroid  1800  feet  above  the  sea,  and  that  north 
of  Doveholes  1260  feet ;  but  as  the  glass  was  falling  on  the  day  of 
my  visit,  these  heights  are  too  great  by  somewhat  less  than  75  feet, 
the  total  amount  of  the  fall.  This  will  make  them  between  1225  and 
1800,  and  between  1176  and  1250  feet  respectively.  On  another 
occasion  I  estimated  the  height  of  the  watershed  north  of  Doveholes 
at  1200  feet,  and  that  on  the  Peak  Forest  Kail  way  at  1175  feet.  A 
couple  of  miles  to  the  N.N.E.  I  found  Sparrow  Pit  to  be  1360  feet 
above  the  sea,  and  Perry  dale  1200;  the  plateau  above  Perry  dale 
1850;  the  watershed  under  Mam  Tor  1600 ;  and  the  lowest  point  of 
Rusbup  Edge  1525  feet  above  the  sea. 

We  may  say  then  that  the  lowest  part  of  the  watershed  north  of 
Buxton  is  about  1200  feet  above  the  sea. 

Tlie  general  mass  of  the  Drift  on  the  western  side  of  the  Pennine 
table-land  reaches  to  the  height  of  about  800  feet  above  the  sea, 
though  erratics  are  found  at  higher  levels.  In  the  Memoir  of  the 
Geological  Survey  on  Sheets  81  N.E.  and  S.E.,  Mr.  Green  states 
that  the  depression  of  the  land  in  glacial  times  exceeded  1200  feet 
It  cannot,  however,  have  been  much  moi'e  than  this,  as  no  Drift  has 
found  its  way  over  from  the  Etherow  into  the  basin  of  the  Don  by 
way  of  Saltersbrook;  where  the  height  of  the  watershed  is  1366  feet. 
Nothwithstanding  this,  and  the  total  absence  of  Drift  from  the 
plateau  of  the  Wye  basin,  where  not  even  a  solitary  erratic  is  to  be 
seen,  I  see  no  better  explanation  of  the  occurrence  of  Drift  with 
foreign  stones  in  the  Wye  valley  than  that  given  by  Mr.  Green  in 
the  r.acmoir  alluded  to  above. 

In  the  same  paper  I  stated  that,  with  the  exception  of  some 
Silurian  erratics  near  Threshficld,  no  foreign  ones  are  found  in 
Wbaifedale.  At  that  time  I  supposed  these  Silurians  to  be  sur- 
face eiTatics,  distinct  from  and  subsequent  in  date  to  the  general 
mass  of  Drift ;  but  I  afterwards  fomid  them  imbedded  in  the  regular 
Drift.  The  most  northerly  point  at  which  they  occur  is  near  the 
Wharfe,  a  mile  and  a  half  above  Threshfield  :  this  is  where  the 
valley  opens  out  on  the  west  and  merges  into  the  Drift-covered  plain 

1  See  Quart.  Joum  Geol.  See,  1872,  toI.  ixviii.,  p.  382. 
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that  Btretobes  from  the  YHiarfe  to  beyond  the  Bibble;  from  this 
point  the  Silurian  erratics  can  be  traced  nearly  as  far  as  Bumsall, 
where  the  valley  of  the  Wharfe  again  contracts  into  a  narrow  dale, 
closely  hemmed  in  by  steep  hills ;  and  they  are  found,  singularly 
enough,  on  the  west  side  of  the  river  only.  They  are  not  to  be 
found  on  ascending  the  hills  west  by  north  of  Threshfield  above  say 
800  feet,  though  this  is  the  direct  way  to  the  nearest  outcrop  of 
Silurian  rock  in  place.  Thus  they  occur  solely  in  the  Drift  of  the 
plain,  and  would  seem  to  have  come  on  floating  ice ;  for  it  is  pretty 
clear  that  they  were  not  pushed  by  an  ice-sheet  over  the  fells,  as  they 
are  not  to  be  found  anywhere  on  the  high  ground  :  and  it  is,  in  my 
opinion,  quite  impossible  that  the  Ribblesdale  glacier  should,  after 
debouching  on  the  low  ground  at  Settle,  have  spread  out  at  right 
angles  to  its  course  for  the  distance  of  twelve  miles. 

The  fact  of  these  erratics  being  found  only  on  the  west  side  of 
the  river  shows  that  something  barred  their  passage ;  this  may 
have  been  a  current  issuing  from  the  higher  part  of  Wharfedale, 
which  would  then  have  been  a  fjord ;  or  possibly  an  ice-sheet 
descended  from  the  Orassington  moors  on  the  east;  or  an  ice-foot 
clung  to  the  coast ;  and  thus  the  floating  ice,  laden  with  Silurian 
blocks  from  Kibblesdale,  would  be  unable  to  reach  the  present  lefb 
bank  of  the  stream. 

In  the  narrow  part  of  the  dale  below  Burnsall  I  have  not  found 
any  foreigners ;  for  this  fact  I  can  only  account  by  supposing  that 
that  narrow  channel  was  so  blocked  with  ice  descending  from  the 
neighbouring  fells  that  there  was  no  passage. 

It  is  worthy  of  remark,  with  reference  to  these  erratics  being 
found  up  to  700  or  800  feet,  that  the  mass  of  the  marine  drift  in 
South  Lancashire  reaches  an  average  height  of  800  feet  above  the 
sea,  and  that  the  Eskers  of  the  dales  are  found  generally  up  to  700 
or  800  feet,  and  further  that  700  feet  is  the  amount  of  the  last  sub- 
mergence recognized  in  Norway.  Thus  we  have  evidence  of  a 
submergence  to  about  the  same  amount  in  several  localities. 

Before  concluding,  I  may  say  that  I  have  just  seen  Mr.  Wilson's 
interesting  paper  on  the  Formation  of  Rock  Basins  in  Norway.*  I 
think  his  suggestion  well  worth  attending  to  ;  but  I  fear  it  will  not 
help  us  much  liere,  for  we  have  piles  of  Drift  where  the  beds  could 
have  presented  no  edges  to  the  moving  ice ;  and  yet,  from  the  position 
and  extent- of  the  Drift,  we  know  that  the  boulders  could  not  have 
been  derived  in  all  cases  from  the  waste  of  clififs  falling  on  to  the 
ice,  for  such  did  not  exist,  but  must  have  been  torn  out  by  the  ice 
from  its  rocky  bed.  It  has  often  occurred  to  me  that  the  bottom  of 
a  glacier  being  at  the  temperature  of  32°  F.,  as  is  shown  by  the 
existence  of  sub-glacial  rivers,  ordinary  disintegration  of  the  rocks 
by  means  of  frost  may  go  on  beneath  a  glacier  as  in  the  open  air ; 
and  thus  we  may  account  for  the  stones  in  Drift  where  there  could 
have  been  no  cliffs  to  afford  ordinary  moraine  matter.  The  close 
jointing  and  numerous  alternations  of  hard  and  soft  beds  in  the  case 
of  the  Carboniferous  rocks  would  greatly  facilitate  such  sub-glacial 

1  See  Geol.  Mag.  1872,  Vol.  IX.,  p.  481. 


64  C.  E.  De  Ranee — Mineral  Veins  in  the  North-west  Country. 

denudation,  and  such  too  would  be  the  case,  as  Mr.  Wilson  suggests, 
where  the  beds  presented  their  upturned  edges  to  the  moving  ice. 

The  vast  numbers  of  well-rounded  and  scratched  stones  that  occur 
in  the  Drift,  and  of  which  it  is  in  fact  in  many  cases  mainly  composed, 
have  always  been  a  great  difficulty.  Much  has  been  written  of  late 
years  about  the  moraine  profonde,  as  such  masses  of  Drift  are  now 
called :  but  no  attempt  has  been  made,  that  I  am  aware  of,  to  explain 
in  a  definite  manner  the  origin  of  such  heaps  of  scratched  grav^  ;  it 
seems  to  have  been  thought  sufficient  to  call  them  moraine  profonde. 
This  term,  when  originally  used  in  Switzerland,  was  employed,  as  I 
am  informed  by  one  who  is  an  authority  on  the  subject,  to  describe 
the  case  of  an  advancing  glacier  overriding 'its  own  terminal  moraine. 
In  such  a  case  no  doubt  the  glacier  might  so  grow  as  to  shove  its 
terminal  moraine  along  in  front  of  and  partially  beneath  it :  and  the 
matter  of  the  moraine  would  be  greatly  altered  in  nature  and 
arrangement. 

Doubtless  also  at  the  commencement  of  the  Glacial  epoch  the 
ice  as  it  advanced  would  sweep  before  it  all  the  loose  detritus  from 
the  hill -sides  and  bedd  of  river-gravel  or  old  sea-beaches;  and  in 
this  progress  the  stones  would  get  scratched  and  further  rounded. 
But  all  such  heaps  of  detritus  must  have  been  long  since  swept 
away  from  the  hills  and  deposited  mostly  at  the  outskirts  of  the  ice- 
sheet  ;  and  must  now  be  sought  perhaps  in  the  vale  of  York.  We 
must  seek  another  way  to  account  for  the  masses  of  scratched  gravel 
and  Boulder-clay  found  in  the  very  heart  of  the  fells.  When  these 
were  formed  and  deposited,  the  country  must  have  been  entirely 
buried  in  ice,  as  Greenland  now  is.  There  could,  therefore,  have 
been  no  cliffs  sticking  through  the  ice  to  afford  boulders  for  the 
Drift;  we  are  thus  driven  to  suppose  that  such  boulders  were 
derived  from  beneath  the  ice:  and  I  see  no  means  by  which  this 
could  have  been  effected  save  by  the  disintegrating  power  of  frost, 
aided  in  cases  by  a  happy  disposition  of  the  chief  divisional  planes. 
But  however  difficult  to  account  for,  and  however  hard  to  conceive, 
I  repeat  the  fact  is  certain  that  there  has  been  an  enormous  amount 
of  rock  disintegrated  sub-glacially,  so  as  to  form  gravel  and  coarse 
stony  detritus  over  and  above  the  grinding  of  the  rocks  superficially 
into  fine  powder  or  mud. 


V. — On  the  Occurrence  of  Lead,  Zinc,  and  Iron  Ore&,  in  some 
Rooks  of  Carboniferous  Age  in  the  North-west  of  England. 

By  Chables  £.  Db  Range,  F.G.S. 
PART  I. 

IN  former  papers  I  have  described  central  Lancashire  as  capable 
of  division  into  three  plains  of  different  elevations.  The  lowest 
being  often  beneath  high- water  mark,  and  always  below  the  25-foot 
Ordnance  contour;  the  second  ranging  from  25  and  50  feet  to  500  feet 
above  the  sea,  terminating  at  the  foot  of  the  steep  escarpment  at  the 
western  edge  of  the  Lancashire  and  Yorkshire  moorlands  forming 
the  Pendle  portion  of  the  Pennine  chain,  with  an  average  eleva- 
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ion  of  1200  feet  Both  the  lower  plains  are  muoh  oovered  wiih 
Irift,  and  the  T0ck-8urfiBK)e  at  the  sea-ooast  is  often  50  feet  below 
ow-water  mark,  steadily  rising  in  one  gradual  inclined  plain, 
nstwards,  or  towards  the  Fells. 

The  lowest  plain  is  oovered  with  peat  often  20  to  30  feet  in  thiok- 
less,  resting  on  Cyclas  and  Scrobioalaria  Clays,  which  in  their  turn 
)verlie  the  Post-glaoial  and  marine  Shirdley  Hill  Band,  which  rising 
into  a  line  of  ancient  Sand  Dunes  along  the  landward  edge  of  the 
peat  at  the  base  of  an  ancient  cliff  of  Boulder-day  bounding  the 
leoond  plain,  in  parts  of  which  deep  valleys  have  been  entirely 
}at  in  the  glacial  drift,  as  the  Bibble  valley  at  Preston ;  and  in  other 
portions  the  Boulder-clays  and  interbedded  sands  and  shingles  have 
been  re-excavated  out  of  old  Pre-glacial  valleys. 

Fendle  range, — ^Between  the  Wigan  and  Blackburn  coal-fields 
occurs  a  tract  of  elevated  table-land,  consisting  of  Millstone- grit 
more  or  less  covered  with  peat  and  Boulder-clay  with  erratic  stones, 
forming  Anglezark,  Withnell«  Eivington,  and  other  moors,  with  an 
average  elevation  of  more  than  1000  feet.  This  area,  which  has 
been  brought  up  by  great  faults,  is  drained  on  the  south  by  the  river 
Douglas,  which  traverses  the  Wigan  coal-field,  and  falls  into  the 
Ribble,  whose  tributary,  the  Darwen,  receives  the  Eoddlesworth, 
which  drains  the  northern  portion  of  the  moors.  This  latter  river, 
however,  is  iu  great  measure  absorbed  by  the  Liverpool  waterworks, 
and  artificially  carried  south. 

In  making  the  "  bye- wash"  of  one  of  the  reservoirs  for  these  works, 
near  Lower  Whitbauk,  Tockboles,  on  the  Hoddlesworth,  a  lode  of 
galena  was  struck,  ranging  W.  26  N.  Specimens  of  the  ore  were 
shown  me  by  the  lord  of  the  manor,  consisting  of  crystallized 
sulphide  of  lead  of  a  bluish-grey  colour,  the  back  of  the  lode  being 
quartz.  The  rocks  in  the  nearest  section  I  could  find  consisted  of 
ie  basement-bed  of  the  third  (Millstone)  Grit,  dipping  at  70®  to 
the  N.  N.  E.,  resting  on  Black  Shales,  containing  '"bullions,"  coated 
with  thin  seams  of  coal,  with  SigiUaria  markings,  dipping  N.  30  E. 

The  hill-side,  above  the  lode,  dips  with  the  beds  towards  the  river 
at  7\  the  lode,  which  appears  to  be  in  a  fault,  nearly  corresponding 
in  direction  with  the  strike  of  the  beds,  running  at  the  bottom 
of  the  valley,  parallel  with  the  stream.  It  is  clear  that  under  these 
conditions,  all  water  falling  upon  the  hill-slope  above  percolates  into 
the  porous  sandstone,  and  will  be  intercepted  by  the  fault,  which,  if 
consisting  of  an  open  fissure,  would  tend  to  be  filled  by  any  substance 
that  the  water  could  mechanically  remove,  or  chemically  unite  with, 
from  the  grit  and  sandstone  above. 

Mr.  W.  Wallace,  in  his  admirable  work  on  Alston  Moor,  which  I 
foand  invaluable  when  examining  that  district,  gives  four  general 
laws  governing  the  distribution  of  lead  : — 

1.  That  the  quantity  of  water  in  circulation  below  the  summit  of  a 
mountain,  is  '"in  inverse  proportion  to  the  depth  from  the  surface, 
and  in  direct  proportion  to  the  distance  from  the  watershed." 
Therefore,  the  greater  the  depth,  the  less  the  quantity ;  the  further 
from  the  watershed  the  more  the  water. 
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2.  The  steeper  the  mountain  slope,  the  less  the  water  under  it; 
the  smaller  the  inclination,  the  more  the  water. 

3.  The  freeness  of  circulation  of  water  near  the  snrfaoe  is  directly 
proportional  to  the  amount  of  inclination  of  beds,  faults,  joints,  or 
veins  towards  the  sides  of  a  hill  and  vice  versd, 

4.  The  greater  the  number  of  veins,  faults,  intersecting  laige 
lodes,  etc.,  the  greater  the  circulation,  especially  when  ooiresponding 
to  the  dip  of  the  strata,  and  therefore  the  greater  ohanqe  of  the  loda 
to  which  they  run  being  ore-bearing. 

Having  seen  the  truth  of  these  laws  as  applied  to  lead  in  Alston 
Moor,  I  have  felt  much  interest  in  endeavouring  to  find  out  how  far 
they  appear  to  apply  to  the  occurrence  of  other  metals  and  of 
lead  in  other  districts. 

The  Roddlesworth  lode,  being  at  the  bottom  of  the  valley,  away 
from  the  watershed,  is  favourable  by  '*Law  1."  ^  The  slope  is  rather 
steep,  which  is  slightly  unfavourable  by  "Law  2."  The  dip  if 
outwards,  which  is  strongly  unfavourable  by  "  Law  8,"  and  thers 
are  no  tributary  joints,  lodes,  or  faults,  which  conditions  are  so 
unfavourable,  as  to  lead  to  the  idea  either  that  these  laws  were 
inoperative,  or  that  the  lode  was  filled  with  lead  before  the  valley 
was  formed,  and  when  the  fault  held  back  all  the  water  falling 
on  the  ground  to  the  west,  which,  percolating  into  the  strata,  would 
be  tolerably  favourable  conditions  for  the  deposition  of  lead,  pre- 
suming it  to  be  present,  in  the  rock  above,  in  a  disseminated  state. 

On  the  south-west  side  of  the  same  tract  of  country,  east  of 
Chorley,  lead  ores  were  formerly  worked  in  a  deep  valley,  on  the 
western  escarpment  of  Anglezark  Moor,  between  White  and  Black 
Coppice.  One  of  these  old  lines  of  pits  is  a  W.S.W.  lode,  near 
Coppice  Stile  House,  in  beds  of  the  basement-bed  of  the  MUlstone- 
grit,  its  eastern  extension  being  cut  off  by  a  fault  ranging  N.  80  £., 
nearly  parallel  to  which  runs  another  short  lead  lode.  Here  the 
slope  of  the  ground  and  the  beds  is  towards  the  lode.' 

A  little  further  south,  at  Stronstrey  Bank,  there  are  several 
shafts  in  the  Kinderscout-grit,  from  which  sulphuret  of  lead,  blende, 
and  copper  pyrites  have  been  procured,  and  in  one  of  which  carbon- 
ate of  baryta  was  first  discovered  by  Dr.  Withering,  after  whom 
it  was  named.' 

At  several  points  along  the  same  line  of  country  are  east  and  west 
faults,  at  Tbievley,  four  miles  S.S.E.  of  Burnley,  and  12  miles  to  the 
N.E.  of  the  sections  at  Anglezark  Moor,  with  a  northerly  downthrow 
of  340  yai-ds,  throwing  the  rough  rock  of  the  Millstone-grit,  and  the 
bottom  beds  of  the  Lower  Coal-measures,  against  higher  beds  of  the 
latter,  and  the  basement  bed  of  the  Middle  Coal-measures,  on  the 
breast  of  a  hill  called  Deoplay  Moor,  nearly  1500  feet  in  height, 
the  beds  dipping  into  the  hill,  at  low  angles.     Here  the  slope  of  the 

^  "The  Laws  which  regulate  the  Deposition  of  Lead  Ore,"  186L 
*  These  lodes  are  shown  on  the  Geol.  Suirey  of  Lancashire,  Six-inch  Map,  No,  78; 
they  were  mapped  hy  Prof.  Hull,  F.K.S. 
>  Phillips'  Introduction  to  Mineralogy,  London,  1837. 
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hill  and  fault  is  to  the  north,  the  lode  ranging  half-way  across  the 
hilly  sloping  down  towards  the  Calder.  The  distance  from  the 
watersh^  is  not  great,  nor  are  the  other  conditions  very  favourable ; 
bat  as  the  works  are  now  discontinued,  the  qucmtity  of  lead  in  the 
lode  is  probably  not  very  great  But  it  is  remarkable  as  being  the 
highest  lead-bearing  horizon  in  the  Carboniferous  rocks  of  the  district, 
with  the  ezoeption  of  the  Lead-mine  Fault  to  the  west  at  Hambledon 
Hill,  about  two  miles  east  of  Accrington,  where  the  Arley  Mine,  the 
lowest  coal  of  the  Middle  Coal -measure,  is  often  permeated  rwith 
strings  of  galena ;  and  much  lead  occurs  in  the  centre  of  the  fault, 
which  traverses  the  top  of  the  hill  at  asx  elevation  of  1330  feet, 
throwing  the  strata,  which  dip  at  a  small  angle  to  the  south,  80  yards 
in  the  same  direction. 

The  hill  has  a  steep  escarpment  to  the  north,  and  is  more  or  less 
isolated  on  either  side,  proving  considerable  denudation  of  rocks  since 
the  infilling  of  the  fault  with  lode-stuff  and  other  matter,  for  the 
fault  and  beds  dipping  from  the  escarpment  give  no  gathering  ground 
for  water  to  pass  through,  and  collect  ore. 

In  a  paper  ''  on  the  Belative  Age  of  the  Lines  of  Elevation  of  the 
Carboniferous  District  of  Lancashire  and  Yorkshire,"  *  Professor  Hull 
has  shown  that  the  great  series  of  E.  N.  E.  anticlinal  and  synclinal 
folds  exhibited  in  the  hills  of  Millstone  and  Yorodale  Grits,  of  the 
"Pendle  Eange,"  had  taken  place,  and  great  denudation  gone  on, 
before  the  deposition  of  the  Permuin  strata  upon  their  upturned 
and  denuded  curves;  and  that  a  second  system  of  disturbance 
(the  Pennine),  ranging  nearly  north  and  south,  uplifted  the  Pennine 
Chain,  dissevered  the  Lancashire  and  Yorkshire  coal-fields  at  the 
close  of  the  Permian  era,  which  was  followed  long  after,  probably 
after  the  deposition  of  the  Oolites,  by  a  third  system,  of  lines  of 
fracture  ranging  N.  N.  W. 

From  the  researches  of  Mr.  J.  M.  Wilson,  M.A.,'  it  appears 
probable,  and  even  certain,  that  contortions  are  the  inevitable  results 
of  subsidence  of  a  curved  surface,  and  that  faults  are  cracks  the 
result  of  the  re-elevation  o£  that  curved  surface,  in  which  "tho 
rocks  have  to  expand,  so  as  to  fill  a  larger  area."  From  which  it 
would  appear  to  follow  that  the  curves  of  the  Pendle  range  were 
the  result  of  a  subsidence  taking  place  at  the  close  of  the  Carbon- 
iferous era,  accompanied  by\auch  marine  denudation,  produced  by 
a  sea,  which  on  re-elevation  became  inland  and  laud-locked. 

The  high  range  of  Lower  Carboniferous  Fells  which  have  been 
described  as  forming  the  eastern  limit  of  the  Lancashire  coal-field 
northwards  gradually  approach  nearer  ami  nearer  to  the  sea,  the 
lower  peat  plain  and  the  intermo<liate  Boulder-clay  terrace  having 
been  much  denuded  by  the  sea.  Tliese  fells,  which  rise  to  a  height 
of  nearly  2000  feet,  are  a  continuation  of  the  Pendle  range,  and 
form  tlie  boundary  between  the  counties  of  Lancashire  and  Yorkshire. 
The  strata  (as  shown  in  the  section  given  in  fig.  1,  p.  324  of 
Professor  Hull's  paper,  before  alluded  to)    of  which  these  Fells 

^  Quart.  Journ.  Geol.  Soc,  1868,  p.  323. 
*  Gbou  Mao.,  1868,  p.  207. 
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are  oomposed  show  a  series  of  anticlinal  and  synclinal  rolls,  the 
former  generally  corresponding  to  valleys  and  tlie  latter  to  hills. 
From  the  occurrence  of  patches  of  Permian  here  and  there  upon 
the  nptnmed  and  denuded  edges  of  the  strata  of  the  Lancashire 
coal-field,  of  sheets  of  Permian  sandstone  indiscriminately  resting 
on  the  Lower  Carboniferous  plains  of  Fumess  and  the  Yale  oi 
Eden,  on  the  denuded  edges  of  the  Coal-measures,  Carboniferous 
Limestone,  and  Lower  Silurian  strata  in  West  Cumberland,  it  it 
probable  that  north-western  England  had  in  many  districts  already 
attained  much  of  its  present  configuration  in  pre-Permian  times, 
with  the  all-important  exception  of  the  non-existence  of  the  Pennine 
chain ;  though  from  my  study  of  the  Cross  Fell  district  it  appean 
to  me  possible  that  the  post- Permian  Pennine  fault  coincides  widi 
the  line  of  an  older  unconformity  and  possibly  a  still  older  pre- 
Permian  fault,  of  the  same  general  age  as  the  Pendle  curvatures. 

The  movement  of  subsidence  at  the  close  of  the  deposition  of  the 
Coal-measures  was  probably  the  means  of  producing  **  that  exces- 
sive lateral  pressure^  by  which  the  older  underlying  strata  were 
squeezed  and  forced  up  into  the  series  of  sharp  anticlinals  forming 
the  axis  of  the  Mendips-  and  Ardennes,"  ^  and  was  the  means  <$ 
'<  throwing  the  rock-masses  into  a  series  of  great  folds,  ranging  from 
east  to  west,  across  North  Lancashire,  and  Yorkshire," '  and  of  ex- 
posing the  strata,  as  it  gradually  sank  beneath  the  level  of  the 
breakers,  to  an  enormous  amount  of  marine  denudation,  which  affected 
not  only  the  Carboniferous  strata  of  the  north-west  of  England,  but 
the  Lower  Silurian  tracts  of  West  Cumberland,  where  the  Permian 
strata  rest  transgressively  on  eroded  Coal-measures,  Mountain  Lime- 
stone, Skiddaw  Slates,  and  "  Grcenslate  and  Porphyries." 

West  Riding  of  Yorkshire, — One  of  the  chief  of  these  pre-Permian 
axes  in  the  Pendle  district  passes  through  Clitheroe,  bringing  up 
the  Mountain  Limestone  in  that  valley,  as  shown  in  fig.  1  of  Pro£ 
Hull's  paper,'  already  so  often  alluded  to,  who  also  describes  two 
other  anticlinals,  the  Sykcs  and  the  Slaidbum,  named  by  Mr. 
Tiddcman,  of  the  Greological  Survey,  who  surveyed  them  in  detaiL 

The  former  axis  has  the  effect  of  bringing  it  also  to  the  surface,  in 
the  lower  portion  of  the  valleys  of  Sykes,  Brennand,  and  Wliitendale, 
drained  by  brook-tributaries  of  the  Hodder,  and  in  all  of  which 
are  metalliferous  lodes,  which  I  have  observed  most  minutely. 

At  Sykes  T  found  the  strata  to  consist  of  Upper  Yoredale  Grit 
(bottom  beds),  240  feet  2.  "  Whetstone  Shales,"  with  their  siliceous 
seams,  100  feet.  3.  Black  Shales,  locally  called  "  Great  Ironstone 
Shale,"  containing  a  band  of  black  ferruginous  compact  cement  stone, 
160  feet.  4.  Thin  fine-grained  grit,  locally  *'  Trough  House  Kock," 
80  feet.  4a.  Black  shale,  "  Trough  House  Black  Shale,"  20  feet 
46.  Thin  flaggy  grit,  "  Trough  House  Rag "  (these  beds  are  pro- 
bably the  Lower  Yoredale  Grit),  20  feet.    6.  Black  shales,  with  thick 

^  Mr.  Prettwich,  F.U.S.,  in  Annivenary  Address  to  the  Geological  Society,  London, 
1 872,  p.  66. 
*  Prof.  Hull,  F.K.S.,  Quart.  Joum.  GeoL  Soc.,  1868,  p.  333. 
>  Op  cit.,  p.  324. 
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raginous  oement  stone  as  base.  6.  ''  little  Ironstone  shale."  7. 
jTSlalline  dark  warm-grey  limestone,  weathering  red,  and  decom« 
UDg,  locally  "Bed  Bed  Limestone/*  80  feet  7a.  Dark  black 
Jsy  with  occasional  fragments  of  Encrinites,  '*  Bed  Bed  Shale," 
\  "  LitUe  North  Shale  of  Brennand  Mine,"  25  ft.  76.  Ck)mpact 
testone,  seldom  red  (*<  Lower  Post  Limestone  "),  78  ft  8.  Black* 
oareoos  shales,  "Low  Post  Shale,"  with  many  bands  of  lime- 
ae,  sometimes  the  latter  predominating,  which  is  the  case 
Brennand  Mine,  73  ft  9.  Black  chert,  "Bull-star  Flint," 
^kness  variable,  ronning  off  in  veins,  average  perhaps  20  feet. 
"  Six-fathom  Limestone,"  pale-grey  colour  and  compact,  38  feet 
Thick  compact  limestone,  fossiliferous,  certain  beds  containing 
ins  and  crystals  of  lead  spread  throughout  the  mass,  locally  called 
ilve-fathom  limestone.  The  lodes  in  it  containing  an  almost 
imited  quantity  of  barium  sulphate,  in  fine  radiating  crystals, 
ich  is  often  associated  with  crystals  of  fluor-spar,  which  are  some- 
es  colourless,  and  sprinkled  over  with  crystals  of  lead-sulphide 
[  copper  pyrites.  Large  quantities  of  the  heavy  spar  occur  on 
mine-heaps,  in  Losterdale  brook,  £ind  on  the  roc^,  derived  from 
\  source. 

!Tie  valley  of  Sykes  roughly  resembles  in  shape  the  letter  p 
3ed  on  its  side,  in  an  E.N.E.  direction,  its  IcMig  axis  being  the 
:e8  anticlinal,  the  various  beds,  from  1  to  12,  ranging  in  concentric 
ts,  the  oldest  limestone  being  at  the  bottom  on  the  west  side,  the 
rer  beds  occurring  above,  and  the  Upper  Yoredale  Grit  forming  the 
of  the  fells,  on  either  side  of  the  valley,  which  is  breached  on  the 
th  (W.  side  of  the  p  )  by  the  mountain  pass,  called  "  the  Trough 
Holland,"  and  on  tne  south  (W.  side  of  the  p )  by  the  valley 
Langden  and  Losterdale  Brook.  On  the  east  end  of  the  p ,  the 
<ershed  at  Whin  Brow,  between  Sykes  and  Brennand  valleys,  is 
4  feet  high,  and  is  crossed  by  a  path  at  1450  feet,  which  descends 
[brennand  House,  by  fine  cliffs  of  Upper  Toredale  Grit,  forming  a 
kbe-like  hollow,  surrounded  by  a  large  tcdus  of  fallen  *'  screes." 
Jong  the  ridge  above  runs  a  fault,  with  an  easterly  downthrow 
►0  feet,  which  has  the  effect  of  throwing  the  base  of  the  Upper 
-edale  Grit  above  the  present  level  of  the  ground.  It,  however, 
ppears,  and  striking  S.S.W.  to  Sykes  Nab,  where  the  grit  is 
rersed  by  a  small  synclinal  dipping  S.E.  at  7o%  in  the  bank 
ve  the  road,  and  N.  35  W.  at  15^,  in  the  quarry  nearer  Hareden, 
ire  an  impure  freestone  has  been  worked,  which  can  in  no  way 
ipare  with  the  beds  of  similar  age  of  Longridge.^ 
lie  basement  beds  of  the  Upper  Yoredale  Grit  are  well  seen  in  the 
ugh  of  Bolland,  where  they  were  long  ago  described  by  Prof. 
Hips  in  **  The  Geology  of  Yorkshire,"  where  also  may  be  found 
Motion  of  the  anticlinal  in  the  limestone,  traversed  by  a  lode, 
ning  parallel  with  it. 

lie  black  shales  are  well  seen  near  Turner  Hill  (at  a  height  of 
4  feet  by  the  aneroid),  where  the  beds  are  rolling,  and  contain 

Hub  fault  was  firat  made  out  by  Mr.  Hudson,  who  mad«  a  mineral  eurfey  of  the 
ict  for  the  lord  of  the  manor. 
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namerons  carbonaceous  and  siliceons  nodules,  snlphnr-paxtingB,  and 
the  water  that  flows  out  of  them  is  slightly  impregnated  with  a 
mineral  oil.  The  cement-stone  is  about  four  feet  in  thickness,  and 
dips  east  of  Nab  House  at  11°  to  the  south-east ;  and  on  the  opposite 
side  of  the  valley,  at  Trough  House,  in  the  reverse  direction.^  The 
*Lower  Yoredale  Grit  occupies  a  narrow  belt  of  country  surrounding 
the  various  bands  of  limestone,  <S?c.,  with  the  lowest  and  oldest  at  Crag 
Wood  towards  the  centre ;  the  whole  series,  from  the  Lower  Toredale 
Grit  to  the  twelve-fathom  limestone,  forming  a  rough  parallelogram 
one  mile  in  length,  and  half  in  breadtb,  the  long  axis  of  which,  the 
Sykes  anticlinal,  runs  in  a  direction  N.  30  E. 

Near  Sniddle  Holes,  between  Trough  of  Bolland  and  Whin  Brow, 
two  poor  lodes  occur  in  the  shales,  running  E.  28°  N.,  nearly  parallel 
to  each  other,  140  feet  apart.  The  Trough  House  north  lode  con- 
tains bisulphide  of  copper  and  iron ;  the  south  lode  galena,  blende, 
and  iron  and  copper  pyrites.*  The  two  lodes  hade  towards  each 
other,  and  form  a  small  "  trough  fault,"  running  with  the  strike  of 
the  rocks  and  hill -sides,  with  an  inward  dip,  circumstances  tending 
to  a  small  circulation  of  water,  an  adverse  condition  for  a  ricb  lode, 
according  to  Mr.  Wallace's  Laws,  there  being  no  gathering  for  water 
in  consequence  of  the  slope. 

The  ore  in  the  present  instance  must  have  been  entirely  introduced 
before  the  denudation  of  the  Sykes  valley,  and  must  have  been 
derived  from  the  Upper  Toredfde  Grit,  or  higher  formations. 

The  Ti'ough  House  rock,  and  accompanying  black  shale,  which 
contains  a  great  quantity  of  sulphur,  is  well  seen  at  Ram's  Clougfa, 
25  feet  of  grit  being  visible,  dipping  22°  at  N.  40  W.,  and  12  feet  of 
the  black  shales  near  the  bam  by  the  foot-bridge. 

The  cement-stone,  lying  above  the  Red  Bed  Limestone,  consists  of 
three  beds  of  an  aggregate  thickness  of  "9  or  10  feet ;  it  is  well  exposed 
along  the  course  of  Penny  brook,  near  the  cart- way  from  Nab  House, 
where  the  dip  is  S.E.  at  80°.  Still  higher  up,  where  a  brook  branches 
oft*  to  the  right,  it  is  E.S.E.  at  35°.  A  specimen  I  procured  of  this 
rock  yielded  on  analysis  7  per  cent,  of  metallic  iron. 

The  l)a8cment  beds  of  the  Limestone  shales,  lying  above  the  Bull- 
scar  chert,  are  well  seen  in  Ram's  Clough,  east  of  Sykes.  Above  the 
chert  is  20  feet  of  Low  Post  shales  and  limestone  bands,  the  shales 
being  from  6  to  12  inches,  the  limestone  from  2  to  3  inches,  on  which 
rests  an  earthy  dark  limestone,  14  inches  thick,  completely  full  of 
crinoid  stems,  on  which  rest  190  feet  of  shales  and  limestone  bands, 
and  Lower  Post  limestone. 

Good  sections  of  the  limestones  occur  in  Bracken  hill,  above  the 
quarries,  which  are  situated  in  the  **  Twelve-fathom,"  dipping  8°  to 
the  West  The  surface  of  the  rock  in  one  bed  is  completely  sprinkled 

*  As  the  whole  of  this  district  is  now,  I  believe,  beinp  surreyed  by  my  colleigne, 
Mr.  Tiddeman,  I  hare  omitted  as  much  as  possible  all  reference  to  the  rocks  and 
details  of  the  geologj,  except  such  as  have  direct  bearing  on  the  distribution  of  ore  in 
the  lodes,  to  which  I  have  there  especially  directed  my  attention. — C.  £.  R. 

'  A  mass  of  copper  pyrites  was  found  on  the  opposite  side  of  the  valley,  near  the 
cement-stone  bed,  but  it  may  have  been  brought  there  by  glacial  action. 
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rith  Grystals  of  galena.  Bdow  this  seam  ooours  an  Enorinital  band 
igfat  feet  thick,  resting  on  a  Coral  bed  two  feet  thick.  The  lowest 
ed  seen  is  often  of  an  apparently  brecciated  character,  the  fragments 
eing  slightly  dolomitized.  Higher  up  the  hill  the  six-fathom  lime- 
one  dips  \T  to  the  W.,  and  a  little  further  south  the  axis  is 
nohed,  which  passes  obliquely  across  the  valley,  giving  at  first  sight 
a  appearanoe  of  a  fault  passing  down  the  valley.  The  anticlinal  arch 
i  well  seen  in  the  quarry  on  the  east  side,  a  little  north  of  which, 
ear  Oagg  Wood,  a  small  lode  was  once  worked,  running  N.  60  E., 
dth  a  southerly  downthrow,  containing  blende,  calamine,  and 
3pper  pyrites.  South  of  the  axis  by  the  brook  the  dip  of  the  beds 
I  S.  60  E. 

A  well-marked  lode  (fault)  has  been  worked  on  both  the  west 
nd  the  east  side  of  the  road.  The  "  foot- wall "  is  particularly  smooth, 
overed  with  slickenside,  and  hades  South  at  52^.  On  the  east  side 
f  the  road  the  lode  has  been  driven  on  for  a  distance  of  108  fathoms, 
dmmencing  in  a  direction  E.  36  N.  At  13  fathoms  from  daylight  a 
ross  fault-lode  comes  in,  running  N.  35  W.,  on  which  a  *'  sump  "  was 
onk,  18  feet  in  depth,  from  which  much  lead  was  procured,  but 
^hich  had  to  be  stopped  in  consequence  of  the  large  influx  of  water, 
le  bottom  being  beneath  the  level  of  Losterdale  Brook,  draining  the 
alley.  The  southern  prolongation  of  this  fault  is  cut  ofif  by  the 
lain  lode,  which  is  the  case  also  with  another  small  lode  ranging 
[.  16  W.,  80  fathoms  distant  from  the  entrance  of  the  level;  which, 
n  the  opposite  side  of  the  road,  ranges  W.  26  S.,  and  has  been 
riven  westwards  69  fathoms.  This  productive  lode  is  remarkable 
)r  being  a  strike-fault  nearly  coincident  with  the  anticlinal  axis.^ 

Following  the  Sykes  anticlinal  to  the  north-east,  it  passes  across 
»rennand  valley,  and  rises  a  little  north  of  Brennand  House,  and  runs 
)uth  of,  and  nearly  parallel  with,  the  adit-level  at  Brennand  mine, 
To.  1  level  of  which  is  driven  right  through  it.     From  this  point 

runs  across  *'  the  col,"  or  depression  in  the  range  of  hills  inter- 
ening  between  -Brennand  and  Whitendale  valleys.  This  col  is 
overed  with  a  thick  deposit  of  peat,  resting  on  a  yellow  stiff  clay, 
Dutaining,  near  the  lodes,  much  lead  and  vein-stuff.  In  the  centre 
\  the  reservoir  for  the  mine,  supplying  the  hydraulic  pumping  and 
auling  engines,  the  bottom  of  which  was  cut  down  to  the  rock, 
'^hich  was  found  to  be  limestone,  traversed  by  a  lode,  ranging 
.  20  E.,  proving  that  the  limestone  tract  of  Brennand  is  continuous 
3ross  the  col  with  that  of  Whitendale,  the  limestone  tract  at  the 
jservoir  being  100  yards  in  width  at  Brennand  river ;  measured 
3ross  the  axis  it  is  750  yards  in  width,  at  Whitendale  600. 

The  south  side  of  the  col  is  bounded  by  Middle  Knoll,  at  the  top 
f  which  the  Yoredale  Grit  has  been  quarried. 

The  Limestone  tract  of  Brennand  and  Whitendale  may  be  there- 
>re  compared  to  an  elliptical  boss,  of  which  the  major  axis  is  the 
ykes  anticlinal,  and  the  minor  (which  is  more  the  result  of  the 

^  These  sections  were  visited  and  viewed  with  much  interest  by  the  late  Sir 
odenclc  Morchison,  who  was  of  opinion  that  the  valley  is  due  to  a  fault  running 
ong  it. 
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form  of  the  gronnd  than  an  actual  roll  of  the  strata),  a  line  nmning 
with  the  Brennand  Lode  aoroas  the  mine.  This  lode  has  a  diiecdoQ 
W.  N.  W.,  and  is  a  downthrow  of  seven  yards  to  the  N.  E.  It  ii 
worked  for  lead  in  the  "mine  (of  the  Whitewell  Mining  Company), 
whioh  oonsists  of  ah  engine-shaft  and  air-leTela,  from,  the  fifth  of 
which  an  adit-level,  half  a  mile  in  length,  connects  the  mine  with 
the  lower  part  of  the  valley.  The  hade  or  inclination  of  the  lode  is 
on  an  average  B5^^  from  the  horizontal ;  but  I  fomid  it  in  some  parts 
of  the  mine,  in  soft  shale,  to  be  38°,  and  in  hard  limestone  to 
be  as  high  as  84^  being  especially  steep  between  levels  4  and  5. 
Level  1  is  carried  right  through  the  axis,  the  bed  commencing.and 
ending  in  the  Bed  Bed  Limestone,  with  a  boss  of  lower  shaly 
limestone  in  the  centre.  Up  to  the  present  time  the  lode  has  only 
been  worked  on  the  western  side  of  the  axis,  the  western  end  of  the 
levels  being  driven  up  to  the  "Bolland  Shales,"  passing  through 
shaley  limestones,  lower  post  limestones,  and  very  productive  red- 
beds,  with  an  intercalated  unproductive  shale-bed  in  its  upper  part^ 
locally  called  <'  Little  North  Shale."  The  shift  of  this  shale  in  the 
various  levels  enabled  ine  to  calculate  the  throw  of  the  fault  , 

When  the  lode  passes  through  shale-beds  it  is  much  squeezed,  and 
indeed  almost  invisible;  with  shale  on  one  *' cheek,"  and  limestone  on 
the  other,  the  lode  is  invariably  poor.  With  limestone  to  limestone,  the 
lode  is  well  defined,  filled  with  lead  and  other  foreign  matter,  often 
with  spaces  or  hollows  (locally  called  ''  loughs"),  the  sides  of  which 
are  covered  in  No.  5  South,  with  brilliant  crystals  of  carbonate  of  lime, 
facing  towards  the  hollow,  resting  on  a  "  foot- wall "  of  iron-pyrites, 
beautifully  indented  with  slickenside.  The  beds  here  are  dark  and 
compact,  occasionally  iron -stained,  and  contain  both  in  levels  5  and  6 
a  great  quantity  of  blende  in  large  masses.  With  Bed  Bed  Lime- 
stone on  both  cheeks  the  lode  is  productive  of  galena,  as  much 
as  QvQ  tons  having  been  taken  from  one  spot.  The  Chert  beds  whidi 
are  productive  of  lead  at  Sykes  have  not  yet  been  reached  in  this 
mine.  The  limestones  associated  with  the  cherts  on  this  horizon 
appear  to  a  great  extent  peculiar  to  the  district,  and  unlike  the 
12-fathom  limestone  which  persists  through  West  Yorkshire,  (upper- 
most of  the  "  Scar  "  and  "  Cam  "  limestones,  "  Main  "  limestone,  82 
feet  of  Swaledale),^  into  Alston  Moor,  on  the  Cumberland  and 
Durham  borders. 

The  Bed  Bed  Limestone  is  seen  in  Swine  Clough,  on  the  west  side 
of  the  valley,  and  is  there  traversed  by  a  lode  which  slightly  faults 
the  rocks,  and  runs  under  the  bam,  where  it  throws  out  a  copious 
spring  of  water,  and  probably  continues  across  the  river  in  an 

^  In  Swaledale,  above  the  Main  limestone,  is  the  main  chert,  black  beds,  plate,  red 
beds^  (15  feet),  plate,  and  60  feet  of  white  grit.  The  nits  and  the  cherts  are  lead- 
bearing,  and  uie  white  grit  is  spoken  of  by  P^fessor  Phillips  (Geology  of  Yorkshire) 
as  the  probable  equiv&lent  to  the  '*  Bearing  Grit  **  of  Nidderdale,  and  Uie  fire-€tono 
of  Alston  Moor.  In  Stonesdale  the  corresponding  beds  are  known  as  the  Lower 
Chert  series,  containing  more  plate  than  limestone,  throughout  the  whole  of  northern 
Yorkshire,  one  or  more  horiions  of  Chert  occur  above  the  12-fathom  limestone.  In 
Northern  Yorkshire  and  Westmoreland,  and  in  Cumberland,  shale  is  called  **  platOi" 
and  sandstone  **  haiel,"  solid  compact  beds  of  limestone  or  sandstone  **  posti." 
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N.  £.  dixeotion  to  the  west  of  Bine  Scar,  where  it  joins,  or  rather 
iomes  the  Whitendale  lode.  The  top  of  the  Bed  Bed  Limestone  in 
ine  Clongh  is  860ieet  ahove  the  sea ;  70  feet  above  it  was  found 
nass  of  lead,  with  Bed  Bed  Limestone  attached,  which  may  have 
m  lifted  and  lefk  there  by  glacial  action ;  for  a  little  further  south 
the  Clough  I  found  a  rounded  and  scratched  trap  pebble,  at  a 
ght  of  755  feet  above  the  sea.  The  limestone  at  the  Swine  Clough 
e  dips  N.  10  W.  at  35^ 

[n  the  river  between  the  footbridge  and  the  lime-pits  a  small 
iclinal  roll  striking  N.  15  E.  occurs;  but  further  up  the  bank  near 
:  Pasture  Clough  the  dip  is  normal,  being  N.  60  W.  at  70°,  which 
klso  found  in  the  ''Hush  levels."^  These  were  driven,!  believe, at 
end  of  the  last  oentury,  by  *'  the  Old  Men  " ;  they  are  very  low, 
I  were  entirely  cut  with  the  pick,  no  drill-made  hole,  or  other  trace 
powder  being  apparent,  nor  is  there  any  sign  of  a  lode;  the  levels 
nch  in  a  tree-like  form  from  the  entrance,  one  of  the  branches 
ending  over  Brennand  Level.' 

ligher  up  on  the  hill,  towards  the  top,  between  Brennand  valley 
i  Whitendale,  lead  was  found  in  Hush-water  Syke,  and  stiU 
her  up,  at  a  place  called  ''  The  Calf -hole,"  very  large  lumps  of 
1  were  taken  out  many  years  ago.  This  was  probably  a  pocket  of 
,  and  not  a  regular  vein. 

[Tie  lowest  limestone  seen  in  Brennand  and  Whitendale  rivers  is 
*  Lower  Post.'  Several  small  lodes  occur  in  it  at  Whitendale, 
ning  E.  10  S.,  and  N.  15  W.  The  Whitendale  great  lode*  being 
he  Bed  Bed  limestone,  dipping  E.  10  S.  at  55%  near  the  entrance, 
lode  ranges  in  a  general  direction  W.S.W.,  hading  south  at  78°, 
17°  in  the  middle,  and  at  70°  at  the  end,  which  is  76  yards  from 
entrance. 

liis  lode  runs  nearly  parallel  with  the  axis,  about  100  yards  south 
t,  with  the  strata  dipping  from  the  axis  to  the  lode,  consisting 
Red  Bed  Limestone,  which  is  considered  a  good  rock  for  lead, 
'ertheless,  though  the  conditions  here  are  rather  favourable  for  the 
osition  of  lead,  from  the  tolerably  free  circulation  of  water,  very 
le  occurred  in  the  lode,  as  far  as  the  level  is  driven  on  it,  though  it 
tains  a  very  large  quantity  of  blende;  the  centre  of  the  lode 
ig,  it  is  said,  composed  of  a  width  of  four  or  five  foet  of  it 
liis  ore  does  not  pay  to  work  in  the  valleys,  owing  to  the  distance 
a  a  railway.  Calamine,  however,  was  worked  many  years  ago, 
;he  west  bank  of  the  Hodder,  opposite  Whitewell,  on  the  slope  of 
hiUs,  in  a  series  of  shallow  shafts,  excavated  in  rolling  moun- 
L  limestone  beds,  which,  from  the  information  I  have  received  from 
«  who  remember  the  work  being  carried  on,  appear  to  have 
X  sunk  on  "  sops  "  or  pockets  of  metal,  amd  not  on  any  regular 

A  **  Hush,"  in  the  north-west  of  England,  is  a  deep  trench  dug  on  a  hill-side,  to 
lodes. 

A.  plan  of  these  curious  old  workings  was  made  for  me  hy  Mr.  Hojle,  of  the 
itewell  Mining  Company. 

rhe  following  ma^etic  dialling,  taken  for  me  hy  Mr.  Hoyle,  is  curious  as  showine 

i  and  comparativ^y  sharp  turns,  in  this  lode 'fault: — From  entrance  N.W.  72% 

3in.;  N.W.  83',  65ft.;  8.W.  81%  80ft.;  West,  23ft  6iiL;  N.W,  ft6%  46^.  «fli» 
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lode.  In  the  whole  of  the  district,  where  the  oaibonate  of  zinc  hit 
occurred,  it  has  been  as  a  surface  metal,  while  the  snlphnret  is  more 
often  found  in  depth.  Both  ores  of  sine  are  foond  in  shaley-lime- 
stone  and  shales,  in  which  lead  would  hardly  ever  oocnr. 

At  Brennand,  the  chief  lead  lode  crosses  the  anticlinal,  nearly  at 
right  angles,  while  the  Whitendale  zinc  lode  rons  neariy  paralld  to 
it.  There  is  reason  to  believe  that  the  latter  is  the  same  lode  that  is 
lead-bearing  at  Swine  Clough,  on  the  opposite  side  of  Brennand  river. 
If  so,  it  must  either  cross,  or  terminate  the  southern  prolongation  of 
Brennand  lode,  the  latter  being  most  probable,  as  no  trace  of  the 
fault  can  be  found  on  the  face  of  Mellor  Knoll.  The  Whitendale 
lode  is  probably  newer  than  that  of  Brennand,  the  magnetic  east 
and  west  lode  being  older  than  the  magnetic  north  and  south  lode. 

The  surface  of  the  ground,  at  the  bottom  of  the  col  between 
Brennand  and  AVhitendade  valleys,  consisted  of  the  uppermost  beds 
of  limestone,  the  overlying  shales  having  been  denuded,  and  carried 
away  down  to  the  level  of  the  limestone.  As  the  lodes  traTeraing 
these  upper  limestones  are  highly  productive  of  lead,  it  would 
appear  probable  that  the  ore  was  introduced  before  the  denudation 
of  the  col,  when  the  upward  prolongation  of  the  faults,  in  the  shales, 
were  still  open  fissures. 

To  sum  up  the  general  results  derived  from  an  examination  of 
the  Sykes,  Brennand,  and  Whitendale  lodes,  those  running  across 
the  anticlinal  axis  are  productive  of  lead ;  those  with  the  strike 
of  the  beds  of  zinc,  and  at  Sykes  of  lead  and  baryta,  the  quantity  of 
ore  being  determined  more  by  the  nature  of  the  matrix  than  by  the 
distance  from  the  watershed  and  from  the  surface. 

^7b  be  continuedj. 


YI. — Eabthquakss. 

By  H.  P.  Malet,  Eso. 

THERE  have  been  several  Earthquakes  lately,  and  they  are  still 
attributed  to  volcanic  action.  As  the  Qiuirterly  -Beview  of  Ist 
January,  1869,  tells  us,  the  most  popular  notion  regarding  these 
phenomena  *'  is  the  hypotheais  of  contraction  of  the  mase  of  thi$  globe 
by  radiation  of  heat  into  space"  If  we  examine  this  sentence  by 
geological  reasoning,  confining  ourselves  to  those  things,  and  actions, 
which  are  visible,  and  tangible,  we  find  two  causes  of  objection  to  it 
We  ask,  whence  is  the  heat  to  radiate  into  space  ?  and  where  is  the 
mass  capable  of  contraction  ?  There  are  certain  laws  which  rule 
atoms,  and  worlds;  we  have  only  to  understand  these  laws,  and 
their  effects,  to  enable  us  to  comprehend  every  phenomena  upon 
earth ;  man  has  not  been  able  to  do  this,  but  has  sought  interpreta- 
tions from  his  own  imagination,  till  he  has  been  led  into  innumerable 
difficulties.  Man  has  been  trying  to  find  out  an  imaginary  self- 
existing  fire  in  the  centre  of  this  globe  for  more  than  2000  years 
without  success,  he  does  not  like  to  give  it  up,  as  it  is  a  very 
convenient,  and  irresponsible  agent;  so  at  this  present  moment 
the  Underground  Committee  of  the  British  Association  axe  ex- 


H.P.  Maht—On  Earthquakes.  75 

imentaliziiig  for  it  on  the  Wealds  of  Eent.^  The  reBnlts  of  the 
OUT  can  be  anticipated,  a  higher  temperature  will  be  found  with 
)th,  but  not  80  great  as  in  a  coal-mine.  Heat  must  be  found, 
:  as  good  reasons  have  been  placed  before  the  world,  that  this 
kt  originates  in  local  causes,  we  will  accept  them  till  they  are 
>ved  erroneous,  or  till  a  self-existing  fire  is  discovered,  and 
the  mean  time  we  assert  that  there  is'  no  proof  of  radiation  of 
\t  into  space  firom  the  interior  of  this  earth. 

Han  has  long  imagined  that  the  substance  of  this  earth,  beneath  the 
limentarj  strata  resting  on  it,  is  one  uniform,  all-pervading,  all- 
Tonnding  envelope,  commonly  called  "  The  Crust"  Its  interior  face 
iupposed  to  rest  on  the  central  fire,  and  to  be  always  in  a  molten 
idition  at  some  25  miles  beneath  our  feet;  as  this  heat  decreases 
distance  from  the  fire,  the  outer  face  naturally  contracts  on  cool- 
;.  This  contraction  has  been  supposed  to  cause  earthquakes,  and 
3zpel  the  molten  matter  from  25  miles  distance  up  to  the  surface. 
1  popular  notion  is  a  very  unsafe  mooring,  and  not  one  in  ten 
usand  of  those  to  whom  the  Quarterly  alludes  could  tell  us  how 
formed  that  notion.  Nevertheless  it  is  popular;  and  its  popu- 
Lty  is  due  to  the  fact,  that  there  never  was  a  time  in  English 
tory,  when  men  followed  the  lead  so  blindfold  as  they  now  do. 
ew  eminent  pens  have  written  out  the  theory,  they  have  described 
touching  language  how  various  surface  phenomena  have  been 
ised  by  the  contraction  of  the  crust,  scientific  pens  have  shown 
t  this  crust  must  be  nearer  to  the  surface  in  some  places  than  in 
ers,  under  the  ordinary  process  of  denudation;  the  Quarterly 
ows  his  weighty  pen  into  the  scale,  and  so  we  have  a  popular 
nion,  founding  a  surface  phenomenon,  which  we  see,  and  feel,  on 
jrust  which  is  not  known  to  exist,  of  which  there  is  neither 
asurement  nor  knowledge.  If  there  was  any  doubt  or  uncertainty 
the  opinion  we  might  excuse  it,  but  what  can  we  say  to  the 
3l  pen  that  writes,  "  This  Earth  was  once  an  igneous  glohe" — "  There 
le  to  he  formed  a  solid  shell/'' — ^then  a  "  cracking  "  and  "  crumpling" 
the  Earth  into  its  present  irregular  surface,  for  in  those  days 
iere  were  earthquakes  on  the  grandest  scale "  ?  This  sounds  very 
iting,  but  it  is  all  imagination. 

fhere  are  certain  fixed  laws  which  tyrannize  over  this  world, 
atoms  could  not  be  as  they  are  without  these  laws,  and  the 
's  could  not  exist  without  the  atoms.  These  laws  are 
'ond  our  control,  for  we,  in  our  persons,  are  as  liable  to 
m  as  an  atom  of  dust,  or  as  the  mass  of  the  Andes.  In  the 
les,  4th  October,  1872,  it  is  shown  that  Quito  has  sunk  246 
^  in  125  years,  Pichincha  218  feet  in  the  same  period,  and 
tisana  165  feet  in  64  years;  if  we  take  away  the  support  ot 
atom,  it  falls  till  it  finds  another,  if  a  man  loses  his  footing 
falls,  there  is  a  perpetual  wearing  away  of  subterranean,  as 
1  as  of  surface  matter,  so  that  supports  are  perpetually  failing, 
I  everything  is  liable  to  the  laws  of  gravitation,  even  to  the 
best  mountains  of  the  earth. 

M  r.  Malet  has  eYidentlj  been  misinformed  as  to  the  real  objects  of  Ddfe  ^\i\>-^  ^\«ii 
\oTat3on, — jEdzt.  Gbol.  Mao. 
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There  are  natural  forces  always  at  work,  which  bring  matter 
under  the  law.  The  wind  lifts  up  dnst  from  the  earth,  and  some  of 
it  falls  again.  The  rain  falls  to  the  ground,  and  percolating  throng 
it  till  it  finds  an  impermeable  stratum,  graTitates  along  its  surface 
till  a  level  is  found.  Wherever  we  find  water  in  a  moving  condition, 
we  see  that  matter  moves  along  with  it.  Water  and  air  move  all 
things  that  submit  to  their  influence,  every  thing,  that  is  so  moved, 
becomes,  sooner  or  later,  liable  to  the  law  of  gravitation. 

Certain  materials  in  this  earth,  under  certain  conditions,  are  liable 
to  the  law  of  attraction;  while  under  this  influence  they  become 
more  or  less  liable  to  gravitate.  In  the  natural  deposits  of  matter 
we  find  heterogeneous  mixtures,  but  as  the  silex  separates  itself  from 
the  chalk,  as  ironstone  nodules  form  in  sand  and  clay,  as  diert- 
bands  form  in  limestone,  by  self-attraction  and  cohesion;  so 
atoms  must  be  perpetually  moving,  and  every  atom  that  moves 
voluntarily  must  leave  its  place  unoccupied,  while  the  place  of  any 
atom  moved  by  force  is  occupied  by  the  substance  whicb  exercised 
the  force,  air  or  water.  AMierever  subterranean  water  runs  it 
must  act  as  it  acts  on  the  surface,  eroding,  and  moving  on  some- 
thing in  every  inch'  of  its  progress.  The  water  occupies  the  place  of 
all  things  moved  by  it,  but  atoms  are  eroded  from  the  body  they 
belonged  to.  Under  the  action  of  these  never-wearying  forces, 
certain  areas,  or  portions  of  this  earth's  surface,  must  occasionally  be 
left  without  their  natural  supports,  and  their  self-sustaining  adhesive 
(qualities ;  so  that  these  areas  or  portions,  either  in  part  or  whole, 
become  liable  to  the  law  of  gravitation.  With  pressure  from  above, 
no  support,  or  a  soft  one  below,  and  a  material  deprived  of  its 
adhesive  power,  there  is,  there  always  has  been,  and  there  always  will 
be,  a  universal  tendency  for  earthy  matter  to  work  downwards. 

This  tendency  may  be  illustrated  by  the  following  examples.  The 
Ailienaum,  9th  October,  1869,  mentioned  an  earthquake  at  Murwut 
East  India,  where  the  ''underground  moisture  is  commonly  found 
two  feet  below  the  surface;"  it  rose  after  the  earthquake  to  "about 
six  inches  below  the  surface,  not  in  one  spot  only,  but  throughout  the 
sandy  tract  of  the  district"  In  this  case  the  sand,  being  dry  and 
untenacious,  without  sufficient  support  for  its  weight,  sunk  bodily 
into  the  water-bed;  so  that  the  moisture  rose  to  near  the  surface. 
This  action  is  very  common  in  sandy  regions,  but  is  seldom  noticed, 
even  in  our  footprints.  In  the  Times,  6th  July,  1871,  an  earthquake 
is  recorded  at  Bathung,  in  China^  over  an  area  of  some  400  miles, 
when  ''  black  fetid  water  spouted  out  in  a  furious  manner."  The 
nature  of  the  soil  is  not  mentioned,  but  it  fell  into,  and  displaced  the 
water  below;  so  that,  having  no  other  channel  of  escape,  it  was 
forcibly  ejected  through  the  crevices  made  by  the  fall. 

In  1783-86  constant  shocks  of  earthquake  took  place  in  Calabria, 
with  upbursts  of  water  and  sand,"  ''  not  fewer  than  215  lakes  and 
morasses  were  occasioned  by  displacement  of  the  ground."  The 
Quarterly  also  says  of  other  regions,  "Violent  vibrations,  down- 
sliding  of  hills,  stoppage  of  rivers,  formations  of  lakes,  in-ruahing 
of  sea-waves  have  taken  place." 
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All  these  oases,  and  many  more  might  be  added,  illnstrate  the 
Bnbsidence  of  the  upper  strata  into  the  water-bed;  if  the  phenomena 
had  been  caused  by  the  contraction  of  the  cold  crust,  as  so  many 
imagine,  the  water  must  have  gone  down  through  the  cracks  of  that 
contraction;  if,  on  the  contrary,  they  had  been  caused  by  the  sub- 
sidence and  shrinkage  of  the  earth's  exterior,  as  asserted  by  Mr. 
B.  Mallet,  Spectator,  5th  October,  1872,  into  the  ''retreating  nucleus,*' 
then  again  there  would  necessarily  be  fissures  below  the  water  run, 
and,  as  there  would  be  no  force  to  eject  it,  all  the  water  on  the  site 
must  of  necessity  have  gone  down ;  so  that  there  is  no  escape  from 
the  conclusion  that  earthquakes  may  originate  in  the  mass  of  matter 
overlying  the  water-bed,  and  that  they  have  no  necessary  connexion 
with  volcanoes.  Earthquakes  that  happen  without  water  ejection 
are  by  no  means  dependent  on  any  igneous  action,  or  on  any  con- 
traction of  the  earth-rocks  below,  as  the  following  example  will 
show: — On  the  17th  March,  1871,  an  earthquake  was  reported  in 
the  lake  districts.  The  Times,  of  April  3rd,  admitted  a  letter  saying, 
that  this  earthquake  was  attended  with  "a  concentrated  hissing 
sound."  On  the  25th  March  the  Kendal  Mercury  printed  a  letter 
which  thus  explains  the  phenomenon : — ''  We  had  a  dry  summer  last 
year,  our  springs  sank  unusually  low,  our  winter  snow  and  late 
rains  have  now  percolated  into  the  strata  above  the  subterranean 
water-levels,  and  the  extra  weight  of  the  water  has  forced  these 
strata  into  the  beds  or  cavities  below," — an  action  corresponding  to 
what  we  have  said,  and  one  that  must  of  necessity  force  out  the  air 
or  gases,  which  had  collected  in  the  empty  water  runs,  the  hissing 
sound  depending  on  the  character  of  the  orifice  through  which  it  was 
expressed.  It  will  be  understood  that  this  expulsion  of  air  is  pre- 
cisely similar  to  those  actions,  which  eject  gases  from  the  surface  in 
many  parts  of  the  world ;  though  the  subsidence  which  supplies  the 
force  may  be  either  sudden  or  slow.  There  are  many  instances 
where  other  matter  than  water  or  air  is  acted  on  by  landslips,  sub- 
sidences, or  earthquakes.  In  the  Under  Cliff,  Isle  of  Wight,  and 
near  Folkestone,  great  masses  of  cliff  have  slipped  bodily  into  the 
black  Ganlt  below,  and  this  mud,  full  of  fossil -remains,  has  been 
forced  up  through  the  crevices,  and  in  great  masses,  along  the  face  of 
the  broken  cliff,  where  it  joins  the  sands  of  the  sea-shore.  At  a 
considerable  distance  from  that  line,  at  Folkestone,  a  ridge  was 
forced  up  on  the  sands  near  low-water  mark,  equal  in  length,  and 
parallel  to  the  landslip.  Tides  and  waves  had  nearly  obliterated  this 
ridge,  when  we  examined  it,  but  the  sheet  of  black  Gault  which  had 
been  forced  down  the  water  runs  was  still  visible  in  places,  of  varied 
thickness;  explaining  how  sheets  of  one  material  become  inter- 
stratified  with  other  materials,  for  which  science  has  as  yet  found  no 
explanation.  The  elevation  of  the  line  of  sea-shore  in  Chili,  in 
1822,  and  the  upheaval  of  the  Ullah  Bund,  in  India,  in  1819,  are 
both  actions  of  a  similar  nature,  and  no  similar  elevation  of  the 
surface  earth  can  be  attributed  to  any  other  cause,  than  a  corre- 
sponding subsidence ;  so  that  in  all  these  and  in  many  more  instances 
we  confirm  the  opinion  of  Professor  Haughton,  who  said  ol  otkOkX 


78  H.  P.  MaUt—On  Earihquaka. 

cases,  "  Their  characters  are  totally  different  from  those  of  Yolcmic 
phenomena,"  "  showing  the  two  classes  of  phenomena  ha^e  a  difEsrent 
seal* 

There  is  then  trustworthy  evidenoe  to  show,  that  earthquakes  do 
not  necessarily  depend  on  voUanott^  or  the  eoniraeiion  of  ths 
mass  of  this  globe  by  radiation  of  heat  into  space,  or  by  the 
shrinkage  of  the  earth's  exterior  into  the  retreating  nucleus;  bat 
we  must  briefly  examine  how  fjeir  volcanoes  may  be  dependent  on 
earthquakes. 

Science  has  not  made  up  its  mind  as  to  the  origin  of  these  igneous 
phenomena.  The  Spectator,  of  5th  October,  1872,  discards  one 
fashionable  theory  thus,  '*  It  is  now  generally  admitted  that  if  the 
earth  really  has  a  molten  nucleus,  the  solid  crust  must  nevertheless 
be  far  too  thick  to  be  in  any  way  disturbed  by  changes  affecting  the 
liquid  matter  beneath."  Another  theory  of  loc«a  molten  basins 
he  disposes  of  by  saying,  that  **  such  lakes  could  not  maintain  their 
heat  for  ages."  It  is  now  some  years  since  we  discarded  these 
theories  in  "  The  Interior  of  the  Earth."  The  Spectator,  however, 
says,  '*  A  theory  has  just  been  put  forward  by  the  eminent  seismolo- 
gist. Mallet,  which  promises  not  merely  to  take  place  of  aU  othiws, 
but  to  gain  a  degree  of  acceptance,  which  has  not  been  accorded  to 
any  theory  previously  enunciated."  While  fully  allowing  the 
position  assigned  to  Mr.  R.  Mallet,  and  giving  him  full  credit  for 
accuracy  of  observation,  experiment,  and  calculation,  we  must  take 
the  liberty  of  examining  this  theory  so  far  as  it  is  set  before  na. 
It  is  shown  '*  that  the  hotter  internal  portion  must  contract  faster 
than  the  relatively  cool  crust,"  and  so  ''  the  shrinking  of  the  crust 
is  competent  to  occasion  all  the  known  phenomena  of  volcanic  action; " 
'^as  the  solid  crust  closes  in  upon  the  shrinking  nucleus,"  the 
crushing  induces  heat,  and  so  ''  the  access  of  water  to  such  points 
determines  volcanic  eruption."  If  by  the  solid  crust  of  the  earth  is 
meant  a  substance  similar  to  any  of  the  rocks  we  fall  in  with  on  the 
surface,  then  there  is  no  evidence  to  show  tliat  the  crust  is  continuousy 
or  solid,  while  nothing  but  a  continuous  solid  rock  could  meet  the 
theory.  If  again  this  is  the  substance  alluded  to,  we  have  evidence 
to  show  that  the  void  hard  rock  is  cooler  at  a  depth  of  some  5000 
feet,  than  in  coal-mines  at  2000  feet,  so  where  does  the  supposed 
contraction  begin  ?  We  rather  think  that  Mr.  Mallet  has  done  more 
to  destroy  the  great  myth  of  internal  self-existing  fire,  than  any  one 
of  the  Plutonic  school  has  done  to  keep  it  alive. 

With  these  brief  remarks  we  pass  on  to  our  little  history.  We 
do  not  demand  credence  to  it ;  the  facts  are  before  us,  always  in 
action.  We  only  ask  those  who  take  an  interest  in  the  subject  to 
think  for  themselves,  and,  sooner  or  later,  they  will  recognize  the 
picture  before  them.  The  inhabitants  of  volcanic  regions,  on  hearing 
grumblings,  and  feeling  vibrations,  say, ''  The  mountain  is  in  labour." 
We  all  see  what  vast  collections  of  matter  are  brought  together  by 
the  water  drifts.  We  know  that,  season  after  season,  materials  of 
one  description  are  brought  to  the  same  spot,  and  we  see  on  our 
olifis,  and  in  our  mine  shafts,  the  thickness  of  these  strata.     We  know 
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&t  out  of  these  strata,  and  these  deposits,  sian  obtains  combustible 
d  inflammable  materials,  yet  has  he  been  unwilling  to  allow  that 
.tare's  laboratory  is  equal  to  his  own.  Some  have  rejected  the 
;tural  chemical  theory  of  Sir  Humphry  Davy  and  ot^rs,  that 
»lcanic  action  depends  on  local  chemical  causes.  It  has  been  boldly 
id  falsely  asserted  that  the  cause  was  not  equal  to  the  effect,  and 
at  the  chemical  energies  of  our  earth's  materials  were  almost 
holly  exhausted  before  the  surface  was  consolidated.  Nevertheless, 
le  hot  spring  flows,  and  the  mountain  labours.  There  may  be  local 
diaostion,  but  the  energies  of  the  earth  are  never  lost,  though  they 
ay  change  from  the  inanimate  to  the  animate,  and  back  again, 
et  those  who  suffer  from  these  active  energies  talk  of  nature's 
dianstion  if  they  please,  but  those  who  sit  in  their  rooms,  and 
leorize  on  the  subject,  may  as  well  hold  their  peace.  Who  will 
3nture  to  limit  the  quantity  of  any  material,  igneous  or  not,  which 
lay  have  been  collected  into  one  region  by  the  natural  forces  work- 
ig  at  it  for  unknown  millions  of  years  ?  The  earth  is  full  of 
kalis,  as  well  as  of  gaseous  materials.  Spontaneous  combustion 
kes  place  in  the  little  cargoes  of  our  ships.  Can  we  refuse  a 
milar  faculty  to  the  great  collections  of  the  earth  ?  The  material 
all  the  same ;  nothing  is  hid  in  the  strata  of  this  earth  that 
us  not  once  a  partner  in  its  surface  produce,  and  nothing  but 
irth's  produce  takes  fire  in  a  ship's  hold.  We  can  neither  limit  the 
>llection  of  matter,  or  measure  the  energy  of  a  collection.  The 
lountain  in  eruption  discloses  that,  and  the  extinct  volcanoes  tell  of 
ical  exhaustion.  If  volcanoes  were  caused  by  the  issue  of  heat  from 
le  imaginary  furnace  of  the  earth,  if  the  shrinking  of  the  inner 
rust  produced  mechanical  causes  of  heat,  and  these  were  converted 
ito  flames  or  steam  by  contact  with  water,  there  would  be  no  cause 
'hy  an  eruption,  once  commenced,  should  ever  cease.  We  know 
le  force  with  which  heat  flies  to  a  cooler  atmosphere ;  a  channel, 
Qoe  opened  to  that  fire  region,  could  never  close  again,  eruptions 
3uld  never  cease,  and  lava  would  flow  while  there  was  granite  or 
asalt  to  melt.  Volcanic  action  is,  however,  spasmodic,  and  craters 
0  close  up ;  and  so  we  at  once  come  back  to  the  earthquake  cause  of 
le  volcano.  We  have  got  our  heating  substances  inside  the  earth, 
re  have  got  water  percolating  through  the  earth,  we  have  vacant 
reas  beneath  the  surface.  Along  these  water-courses,  and  into  these 
reas,  the  earth  subsides  or  falls.  There  is  no  choice  of  locality  for 
lese  actions.  The  sandy  plain,  and  the  highest  mountains  in  the 
rorld,  are  alike  liable  to  the  law,  and  thus  earthquakes  are  felt  in 
olcanic  regions  previous  to  eruptions.  ^  It  is  only  in  these  regions 
lat  this  effect  takes  place,  and  in  these  nature  has  deposited  the 
laterials  which  produce  heat.  These  materials  are  as  liable  to  the 
elf-attraction  of  atoms,  and  to  the  eroding  action  of  water,  as  any 
ther  materials;  they  are  therefore  as  liable  to  the  laws  of  gravitation, 
lie  grumblings  and  vibrations  felt  on  the  surface  must  be  caused  by 

*  These  actions  are  confirmed  by  the  Times,  of  Ist  November,  1872:  "Advices 
tmi  the  Sandwich  Islands  report  the  volcanoes  of  Mauna  Loa  Kilauea  in  a  state  of 
ctive  eruption,  and  it  is  stated  that  the  shores  of  the  island  are  sinking." 
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this  law,  in  {he  act  of  placing  Heating  matter  tinder  the  inflaenoe  of 
water.  At  this  point  we  meet  other  geologists;  the  only  difference 
between  ns  is,  that  onr  material  falls  into  the  water ;  whUe  their 
water  falls  into  the  fire.  We  believe  that  we  have  already  apposed 
insurmountable  obstacles  to  this  action ;  but  we  will  now  say,  tiiat  if 
the  heat  below  our  feet  is  a  gradual  progressing  one,  till  at  25  miles, 
or  thereabouts,  it  could  melt  the  hardest  rocks,  and  if  the  contact  of 
water  with  these  rocks  is  a  necessary  prelude  to  an  earthquake  or  a 
volcano,  tlien  neither  of  these  phenomena  could  ever  have  been  seen 
or  felt  upon  earth.  If  the  water  that  percolates  through  the  strati 
could  by  any  possibility  reach  the  imaginary  molten  rocks,  this  actioa 
of  the  volcano  would  be  regular,  and  could  never  cease ;  its  action  ia 
however  spasmodic,  at  long  intervals,  indicating  fresh  energiea; 
these  must  be  supplied  by  new  matter  as  shown  above ;  when  this  is 
burnt  out  the  spasm  ceases,  and  so  a  volcano  sleeps  and  wakes,  till  no 
more  heating  materials  are  available. 

We  have  thus  briefly  and  imperfectly  given  an  interpretatioii 
of  phenomena  which  happen  on  the  surface  of  this  earth.  In 
endeavouring  to  fathom  their  causes,  it  seems  that  people  have  been 
led  away  from  Nature's  laws,  and  have  tried  to  explain  the  snbjeot 
by  bringing  in  an  agent,  whose  existence  is  not  proved.  The  new 
theory,  noticed  by  the  Spectator,  is  only  one  more  proof  of  the 
unsatisfactory  explanations  dependent  on  an  imaginary  self-existent 
heat  Till  this  heat  is  proved  to  exist,  every  theory  based  npon  it 
must  be  rejected,  and  the  greater  necessity  is  there  of  determined 
rejection,  when  we  find  that  these  phenomena  can  be  interpreted  by 
natural  laws. 

While  the  sun  shines,  and  rain  falls,  while  the  earth  and  the  water 
produce,  while  these  productions  pass  on  to  burial,  so  long  will 
combustible  matter  be  passed  on  by  water,  attraction,  pressure,  and 
gravitation  to  its  peculiar  burying-grounds ;  where,  sooner  or  later, 
it  will  again  be  made  use  of  to  produce  phenomena,  which  have  been 
so  little  understood. 

Wo  walk  along  the  ocean  shore,  or  by  the  river  bank,  we  see  the 
atoms  moved  along,  wo  watch  the  landslips,  and  the  avalanche,  we 
walk  on  the  dry  sand  and  see  the  water  rise  in  our  footprint,  and  we 
see  in  these  familiar  scenes  details  of  those  vast  actions  which  are 
for  ever  at  work  somewhere.  Wo  have  only  to  expand  our  minds  to 
keep  pace  with  these  actions,  which  we  call  phenomena.  All  the 
agents  we  use  are  visible,  all  the  materials  are  tangible ;  a  geologist 
has  no  business  with  the  intangible  or  the  invisible.  For  more  than 
2000  years  man  has  been  seeking  for  a  self-existent  fire  beneath  our 
feet  without  success;  he  has  found  some  heat  in  the  earth,  where  it 
must  necessarily  be  under  the  ordinary  laws  of  pressure,  with  certain 
conditions  of  deposits.  Man  has  not  gone  beyond  deposits,  and  has 
no  right  to  assume  a  state  of  things  in  a  locality  of  which  he  ia 
ignorant.  So  we  come  to  our  simple  conclusion.  The  Earthquake 
takes  place,  when  the  area  becomes  liable  to  the  law  of  gravitation, 
and  falls,  as  a  snow  avalanche  falls  over  the  face  of  a  preoipioe, 
because  it  cannot  help  it. 
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1^ — ^On  Faljkmon  sxul,  a  Nsw  Gbustaosam    from   the    Polib- 

B0HUB7SS  OF  KXTTSCHLIN,   NSAB    BiLIK,   IK  BoHXMIA.      Bj  PrO- 

feesor  Dr.  Anton  Ebio. 

rE  thorax  is  eiglit  mm.  long,  and  three  mm.  hroad ;  the  mesial 
line  of  the  front  part  shows  a  high  crest,  which  hears  six  spines, 
pointing  towards  the  rostrum.  On  each  side  of  the  crest  are  situated 
what  appear  to  be  the  eyes ;  the  facettes  of  which,  however,  can- 
not be  identified.  The  inner  antennas  have  a  three-jointed  basal- 
portion  ;  only  two  of  the  whips  (Geissel)  are  preserved.  These  are 
of  the  length  of  the  thorax,  the  outer  one  being  considerably 
stronger  than  the  inner  one.  Of  the  third  whip  (Geissel),  which  true 
Palsemons  do  not  possess.  Dr.  Fric  can  only  detect  a  rudiment.  The 
outer  antennaB  have  a  large  scale  at  their  base,  which  covers  about 
ten  joints  of  the  antennse.  The  whip  is  much  stronger  than  those  of 
the  inner  antennae.  The  first  pair  of  legs  is  small.  The  second  is 
the  strongest,  and  bears  small  chelae,  and  projects  five  mm.  beyond 
the  margin  of  the  thorax.  The  third  and  fourth  pairs  are  weak ; 
the  fifth  of  double  the  strength  and  size  of  the  previous  one.  The 
abdominal  segments  agree  exactly  in  outline  with  those  of  Falamon  ; 
as  also  do  the  five-leafed  tail-fin. 

The  discovery  of  this  exquisite  marine  crustacean  in  a  freshwater 
deposit  is  very  remarkable.  After  the  upheaval  of  continent^ 
small  basins  of  saltwater  sometimes  remain  inland,  which  after  a 
time  lose  their  salt ;  in  consequence  of  which  the  marine  animal^ 
living  therein  either  die  out  or  become  naturalized  in  the  freshwater. 
80  we  find  the  genera  IdothcBa,  SphoBromaf  and  Gammarus,  in  the 
rivers  and  lakes  of  Tuscany,  and  Mysis  in  the  lakes  of  Sweden. 
Also  the  Adelsberg  caves  have  their  blind  Palamon — Troglocharis 
Schmidti.  It  is  interesting  to  know  that  the  recently-discovered 
Crustacean  from  Ob.  Nowall,  near  Waltsh,  resembles  more  a  marine 
millipede  than  a  land  millipede. 


XL — On  the  Agbioulttjkal  Geology  op  the  Weald.  By  W. 
ToPLEY,  F.G.S.  From  the  Journ.  Eoyal  Agric.  Soc,  vol.  viii. 
1872. 

THE  Wealds  of  Kent,  Surrey,  and  Sussex,  with  their  border-lands 
of  hill  and  vale,  have  such  special  interest  for  the  geologist 
that  we  welcome  every  good  addition  to  our  knowledge  of  this 
portion  of  England  and  every  aid  to  the  advancement  of  that  know- 
ledge. Mr.  Topley,  especially  addressing  agriculturists  in  this 
pamphlet,  gives  accurate  geological  information  in  text,  tables,  and 
coloured  map,  which  will  be  fully  appreciated  by  geologists.  We 
already  possess,  as  an  important  aid  in  study,  the  somewhat  smaller, 
but  beautifully  perfect,  map  constructed  by  Mr.  W.  Whitaker  fox  iVi<^ 

VOL.  X. — KO.  CIV.  ^ 


r2  Lp-Cthhari  Sr  Geimtz'i  Seua  Jakrbuck- 

*R*p:r:  cf  the  Meiical  Officer  of  the  Privy  Coancil."  1568:  and 
now  -♦-.a:*  veiy  u&sfril  and  accnrate  G«<3logical  Uodels  of  the  South- 
*s4fi:  of  EagUr-i.  by  Messrs.  Tipley  and  Jordan,  are  publbhed  by 
S'ALfird-  or  Charing  Cr:*a :  and  these,  with  the  Map«  and  Sections 
of  the  GeoI'LgTcai  Survey,  enable  the  stndent  to  master  most  of  the 
difficTiItiea  and  complicati'ina  that  afiect  this  classic  area,  which 
indeed  fceccmea  more  and  m-T-re  an  object  of  interest  on  account  of 
the  boriiig  exploration  through  its  lower  stages  in  progress  at  the 
present  time.  T.  B.  J. 


III. — Leoithabd  uyD  GECfiTz's  Xeues  Jahrbuch.  Jahrgang  1872. 

Hefie  :3-6. 

THESE  foar  numbers  contain,  b^rdides  several  instmctive  minen- 
lo^cal  and  petroj^raphicsJ  memoirs,  some  of  which  are  in  con- 
tirniATi'.n  of  papers  enumerate*!  in  our  last  notice  of  the  *' Jahrbuch " 
(see  Vol.  IX..  pp.  oO*>o»32».  three  geological  papers  of  considerable 
interest.  The  old  schl&tose  rocks  of  a  part  of  the  Erzgebixge, 
l>s;tween  Blank  ens  tein  and  Grund.  are  described  by  Dr.  Mietzscfa 
I  pp.  i3G  1-572;.  Interpreted  according  to  the  modem  theory  of 
metamorj^Lic  rocks,  these  old  limestones,  clay-slates,  siliceous  schirta. 
quartz  it es.  and  giieiss,  are  becoming  better  understood,  but  call  for 
more  laliOur  yet.  Dr.  Jentzsch  (pp.  449-4S0]  treats  in  detail  of  the 
alluvial  and  diluvial  dei>4:k<its  near  Dresden,  drawing  conclusions  aa 
Vi  the  order  of  event.s  and  successive  changes  associated  with  the 
forrriation  of  tliese  loams,  sands,  and  gravels,  with  their  far-derived 
and  •*  erratic ''  contents. 

Dr.  C.  W.  Gunibel  describes  pp.  241-260}  and  illustrates  (platea 
TJ.  and  \\\.'j  two  of  the  most  interesting  among  the  Foraminifera 
that  have  ancient  fossil  representatives  and  yet  exist  at  the  present 
dav. 

One  of  these  Dr.  Giimbel  carefully  characterizes  as  Xummu/ina  Jw' 
amir  a,  found  in  a  Jurassic  limestone  of  the  zone  of  AmmoniteB  teMA- 
/o'/rt/va,  especially  in  the  silic-eous  Sponge-limestone,  which  in  France 
foll'iWH  on  tlic  marlv  main  tenmlohaius-hedn^,  and  is  there  more 
strongly  marked  by  Am.  d*uiafus.  His  specimens  are  siliceous,  and 
in  i^jusiderable  numbers  from  Schaflohe,  near  Amberg. 

The  other  Foraminifera  under  notice,  and  of  large  size,  too,  are 
OrhihUiteH  pracursor  and  0.  circumculoataf  from  the  grey  limestone, 
with  Metjalodus  pumilus  .^Kotzo  beds),  of  the  Alpine  Lias,  near 
Koveredo. 

Or^/ituliles  was  not  previously  known  to  be  of  older  date  than  the 
Upper  Chalk ;  and  tliou^h  NummuUna  is  quoted  fix)m  the  Oolite,  and 
•▼en  from  the  Carl>oniferous  Limestone,  exact  information  is  still 
wanting.  Dr.  Giimbel  clears  up  some  obscurities  about  sujiposed 
Cretaceous  Nummulites  (such  as  Alreolina  Fraasi,  formerly  thought 
to  be  a  Nummidite),  and  has  thus  added  much  in  this  branch  of 
paleontology.  T.  B.  J. 
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I. RSOOBDB  Oy  THS  BoOKS,  OB  NOTES  UPON  THE  GeOLOOT,  NaTUBAL 

H18TOBT,  ANI>  ANTIQUiriBS  OF  NOBTH  iiND  SoUTH  WaLES,  DeTOH, 

AND  CoBNWALL.    By  the  Rev.  W.  S.  Symonds,  F.G.S.     8vo.  pp. 
434,  with  ntiineix)n8  Illustrations.    (London,  1872 :  John  Murray.) 

SINCE  Hugh  Miller  gave  to  the  world  his  testimony  of  the  Books, 
we  have  not  had  a  more  fascinating  book  than  the  **  Becords  of 
the  Bocksy"  by  the  Bev.  W.  S.  Symonds.  It  is  the  work  of  a  master 
upon  the  subject,  and  one  who  is  well  acquainted  with  the  classical 
r^ona  of  England  and  Wales  upon  which  the  '*  Becords  "  treat. 
It  is  indeed  almost  a  complete  guide  to  the  natural  and  physical 
history  and  antiquities  of  the  Principality  and  border  counties. 
Hie  author,  as  stated  in  his  Preface,  has- ''  dealt  with  some  districta 
to  which  Murchison  hardly  alludes,  and  with  subjects  that  would 
have  been  foreign  to  his  purpose." 

An  interesting  description  of  the  igneous  rocks  occupies  the 
"  Introduction,"  and  prepares  the  reader  for  the  many  references  in 
the  text  to  the  phenomena  and  distribution  of  igneous  and  volcanic 
action,  so  grandly  developed  in  the  Cambrian  and  Silurian  rocks  of 
Britain,  without  some  knowledge  of  which  no  student  can  penetrate 
into  the  structural  mysteries,  or  understand  the  grand  and  varied 
scenery,  of  the  mountainous  regions  of  Wales.  The  rock  masses 
of  the  wonderful  regions  of  lona,  Staffa,  the  Giant's  Causeway, 
Arthur's  Seat,  Cader  Idris,  and  Snowdonia,  in  our  own  country, 
Auvergne,  the  Ardeche,  and  the  regions  of  Etna  and  Vesuvius,  havo 
DO  place  in  the  minds  of  those  who  know  nothing  of  the  chemical 
condition  or  constituents  and  physical  structure  of  the  masses  com- 
posing them.  The  general  reader  will  find  a  simple  yet  good 
account  of  the  igneous  rocks  in  the  author's  introduction. 

The  historical  portion  of  the  "Records"  commences  with  the 
oldest  sedimentary  rocks  on  the  globe,  now  termed  Laurentian. 
These  ancient  deposits  constitute  a  large  portion  of  Canada,  West 
Scotland,  and  fragments  also  exist  at  Malvern  and  Cbamwood,  etc 
Language  only  such  as  that  used  by  the  author  can  convey  any 
idea  of  the  wild  scenery  of  tlie  North -western  part  of  Sutherlandshire 
and  the  Hebrides,  where  "the  spectator  who  ascends  to  the  haunts  of 
the  ptarmigan  on  Queenaig  beholds  a  weird  and  wonderful  scene. 
He  looks  upon  low  masses  of  rugged  gneiss  hills,  which  appear  like 
a  rolling  sea,  its  waves  frozen  hard  and  fast  as  they  rocked  to  and 
fro."  To  any  one  knowing  the  history  of  these  vastly  ancient  rocks 
of  Wales,  Malvern,  and  Scotland,  there  is  a  chana  in  the  manner  in 
which  Mr.  Symonds  treats  thera,  and  the  associated  archaeological 
and  botanical  features  render  the  description  classical  and  unique. 
We  know  of  no  better  account  of  the  Bntish  Laurentian  rocks  than 
that  given  in  the  first  chapter  of  the  "  Records." 

Tlie  author  in  his  treatment  of  the  Cambrian  rocks  divides  them 
into  two  groups,  Lower  and  Upper  Cambrian.  Great  ability  and 
knowledge  are  displayed  in  the  whole  chapter  upon  ttie  CwtAsuwi 
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and  Cambro-Silorian  series.    The  histoTx  and  description  of  tbe 
Llanbem*.  Longmynd,  and  Harlech  r?cks,  which,  with  the  Mene- 
vian  group,  constitute  the  lower  dirisiin  of  the  Cambrian  aeries,  is 
written  as  those  only  can  who  have  themselves  examined  the  ares 
thev  oocnpy.     Snatches  of  history,  antiqaity,  archieologT,  natural 
hiitjiy,  and  scenexy,  are  so  judiciously  interwoven  with  the  petro- 
logical  descriptions  an-I  geological  aspects  of  the  Cambrian  rocks, 
that  one  is  almost  tempted  to  journey,  hook  in  hand  as  oar  guide, 
to    explore    and    examine   these  mysterious   monuments   of   high 
antiquity,  wherein  are  entombed  the  very  earliest  forms  of  existence 
known  upon  the  globe.     He  who  has  never  seen  the  Longmynds, 
the  rocks  of  Harlech,  the  schists  and  slate  of  Barmouth,  and  Llsn- 
berris,  with  Bardsey  and  St.  David*s  Head,  can  little  comprehend 
the  early  history  of  the  British  islands,  either  physically  or  palson- 
tol  'gically.   It  is  a  feature  in  the  "  Records  of  the  Bocks  "  to  create 
that  dc'sire,  and  with  the  ''Records"  in  hand,  and  the  maps  prepared 
by  the  Geological  Survey,  little  else  is  needed,  save  note-book  and 
hammer,  to  enable  the  student  or  tourist  to  read  the  far  past  clearly 
and  unmistakably.     The  author  neglects  not  to  associate  with  the 
rocks  the  localities  of  many  of  the  rare  Scandinavian  plants;  the 
home  of  the  wild  bird  ;  the  brooks  and  tarns,  with  their  rare  fish ; 
and  carefully  ho  notices  and  names  the  fossil  fauna  in  those  districts 
wliere,  without  almost  direct  guidance,  the  metamorphosed  character 
of  tlie  rocks  would  defy  their  detection.     The  seventy-seven  pages 
devoted  to  the  Laurentian  and  Cambrian  rocks  and  their  associated 
history  is  the  best  digest  in  our  language,  and  is  written  by  one  who 
has  a  great  knowledge  and  love  of  nature,  and  whose  life  has  been 
do  voted  to  Cambrian  and  Silurian  geology,  and  the  natural  history  of 
the  area  embraced  bv  the  *'  Rec«irds." 

Chapters  iv.,  v.,  and  vi.,  comprising  134  pages,  are  devoted  to  the 
Silurian  System,  or  to  the  Lower.  Middle,  and  Upper  Silurian  rocks. 
Mr.  Synionds  places  the  Lower  Llandeilo  ;Arenig  or  Skiddaw  rocks 
of  Sedgwick)  at  the  base  of  the  Silurian;  the  Geological  Survey 
make  the  Lingula  flags  their  base.  It  is  a  pity  so  many  "  tops  and 
bottoms"  are  made  to  these  lower  rocks.  These  diverse  A-iews  have 
led  to  much  confusion.  It  is  well,  however,  that  we  have  a  published 
line,  so  that  in  the  field  at  least  the  horizon  is  established,  modify 
it  how  we  maj'  in  the  study.  Controversy,  however,  concerns 
us  not  here ;  neither  do  the  minor  differences  of  authors  enter  into 
notice  of  the  **  Records."  All  agree  in  one  thing — that  the  chaos  of 
the  older  writers,  the  "  Grauwackians,"  was  reduced  to  svstematic 
order  by  Murchison,  Sedgwick,  and  Lewis.  To  tlie  fonner,  however, 
must  be  awarded  the  high  credit  of  definitely  determining  and 
defining  the  "  Silurian  s^'stem."  Few  even  now  realize  that  great 
and  difficult  work.  The  author  of  the  "  Records  of  the  Rocks  "  is 
one,  however,  who  has  spent  his  days  upon  the  earliest  life  rocks 
that  lifted  their  heads  to  tho  sun — the  oldest  rock  masses  in  the 
world's  history.  Ho  has  been  a  Silurian  student  from  bovhood. 
His  analysis  of  Lower  Palaeozoic  time  tells  us  that  he  has  studied 
Well  and  diligently,  and  has  mastered  and  comprehended  the  scope 
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id  meaning  of  the  ^  Silurian  chief/'  and  is  a  fit  exponent  of  his 
ewB  and  country. 

The  table  at  the  commenoement  of  the  chapter  devoted  to  Silurian 
K>logj  comprises  the  author's  accepted  system,  his  lowest  formation 
ying  the  ''Lower  Llandeilo";  thus  throwing  the  Tremadoc  and 
ingnla  fl^  of  the  Geological  Surrey  and  Sir  Roderick  Murchison 
to  the  Upper  Cambrian.  Sir  Boderick  in  his  Icuit  edition  of 
Inria  included  all  below  the  Llandeilo  series  in  his  ''Primordial 
Inrian,''  not  allowing  the  term  Cambrian  as  then  understood.  It 
ast  be  admitted  that  even  now  there  is  extreme  confusion  as  to 
.e  subdivision  of  the  stratified  series  below  the  Lingula  fiags. 
The  Menevian,  Harlech,  Longmynd,  St  David's,  etc.,  6tc<,  rocks 
ive  yet  to  be  satisfactorily  correlated.  The  Menevian  beds  are 
Aced  by  Mr.  Symonds  as  a  passage  group  between  the  Lower 
tngola  flags  and  the  Harlech  grits.  The  vast  accumulation  of  both 
nptive  and  contemporaneous  lava  flows,  as  well  as  volcanic  ash 
^posits,  define  in  a  most  marked  manuer  the  commencement  of 
le  Lower  Llandeilo,  or  close  of  the  Lingula  flag  period.  These 
lenomena  are  grandly  shown  in  the  great  ranges  of  the  Cader,  the 
rans,  and  the  Arenigs,  etc.,  in  Wales,  and  the  Skiddaw  area  in 
Testmoreland,  etc.,  where  they  are  also  extensively  intefbedded  or 
terstratified  with  the  slates  and  grits  of  that  classical  area^  The 
ithor's  description  of  the  scenery,  history,  and  antiquities  of  the 
rantry  occupied  by  the  Lower  Silurian  rocks,  as  Weil  as  the 
Lcidental  notices  upon  the  occurrence  and  distribution  of  rare  forms 
I  the  flora  and  fauna,  must  be  read  to  be  appreciated.  They  show 
rare  appreciation  of  the  true  and  the  beautiful  in  nature.  The 
ngular  ridge  of  rocks  termed  "  Stiper  stones  "  by  Murchison  in 
Is  first  and  great  Silurian  system  are  well  described,  and  should 
3  made  the  special  object  of  a  journey  of  inspection  over  the  wild 
act  of  the  Longmynd  Mountain.  These  grey  and  buflf  sandstones 
along  to  the  Lower  Llandeilo  period*  Annelide  tracks  and  burrows, 
srtical  to  the  plane  of  bedding,  riddle  these  ancient  sandstones, 
rentcotitea  linearis  being  the  architect  of  their  once  submarine  per- 
orations and  burrows.  The  author  recommends  the  student  who 
ishes  to  master  the  intricate  geology  of  the  Longmynd  area  to 
)end  some  time  at  Church  Stretton,  Bishop's  Castle,  etc.  We  have 
me  so,  with  pleasure  and  profits  This  once  Cambrian  island  in  the 
llurian  seas  is  even  now,  geologically  and  physically  speaking,  a 
rrestrial  one,  surrounded,  as  the  Longmynd  is,  by  unconformable 
Kjks  of  Upper  and  Lower  Silurian  age  at  every  point  of  the  compass. 
he  author's  description  of  the  Caradoc  and  Bala  rocks  over  the  Snow- 
mian,  Caradoc,  and  Cader  Idris  districts,  the  Berwyns,  the  Wrekin, 
X3.,  reads  more  like  some  fairy  tale.  Every  page  is  full  of  exact 
Lstmction,  without  that  severe  style  characteristic  of  ordinary  manuals 
pon  geology.  Chapter  v.  treats  of  the  Middle  Silurian  rocks,  a 
[vision  not  admitted  by  Sir  Boderick  Murchison  or  the  Geological 
orvey.  The  author,  too,  has  incorporated  and  placed  the  Lower 
ilandovery  rocks  at  the  base  of  his  triple  division  of  the  M.vddi^ 
ilnrian,  the  Tarannon  shales  being  the  uppermost  memV^ei*   ^^  ^t« 
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not  quite  pr^ared  to  admit  or  agree  with  the  author  in  removing  tlM 
Lower  Llanaovery  out  of  the  Lower  Silurian,  its  afiGmitj  with  the 
Caradoc  or  Bala  series  being  so  close  both  on  stratigraphical  as  well 
as  palflBontological  grounds.  Out  of  the  560  species  known  in  tba 
Caradoc,  and  126  in  the  Lower  Llandovery,  ninety-two  are  oommoB, 
no  less  than  eighteen  species  of  Corals,  thirty-six  Brachiopoda,  ten 
Gasteropoda,  nine  Crustacea,  six  Cephalopoda,  etc.,  being  comm<m 
to  the  two  formations  ;  only  eleven  species  are  really  peculiar  to  the 
Lower  Llandovery  rocks.  We  know  of  no  physical  break  between 
the  Lower  Llandovery  and  Caradoc,  though  between  it  and  the 
Upper  there  appears  to  be  no  doubt  whatever. 

The  reader  will  do  well  to  carefully  read  this  chapter  apart  from 
the  abstract  question  of  stratigraphicfd  subdivision.  It  is  admirably 
and  clearly  written. 

Id  Chapter  vi.,  60  pages  are  devoted  to  the  Upper  Silurian  Bodu. 
These  pages  are  really  a  manual  of  Upper  Silurian  Qeology  and 
Geography,  or  Topographical  Geology,  interspersed  with  so  modi 
general  and  local  history  and  lore  that  every  class  of  reader  may 
be  interested.  The  rocks  are  described  in  ascending  order,  their 
geographical  distribution  and  historical  associations  being  hig^y 
instructive.  The  section  devoted  to  the  Wenlock  rocks  is  saggestiYB, 
clear,  and  like  the  previous  chapters,  a  ''  vade  mecum  "  to  the  tomiifc 
and  Silurian  student.  The  points  of  interest,  and  localities  where 
good  sections  and  rich  fossiUgrounds  can  be  seen,  are  depicted 
with  a  local  knowledge  possessed  by  few  geologists.  The  Ledbuiy 
rocks  and  passage-beds  are  debatable  ground  where  the  speculative 
geologist  may  revel  in  disquisition  and  doubt  as  to  the  more  minute 
subdivisions  in  the  upper  series.  Here  too  the  Ganoid  and 
Placoid  fishes  for  the  first  time  attest  their  presence  in  Britain. 
fragments  of  many  genera  (Pteraspis,  Auchenaspis,  CephalcLtpiit 
Scaphaspis)  occurring  in  varied  abundance.  These  Ledbury  or 
})a8sage  rocks  connect  the  Upper  Ludlow  shales  with  the  base  of 
the  Old  Red  Sandstone;  and  where  junction  sections  are  seen, 
thoy  become  of  extreme  interest  Tlie  earliest  determined  fossil 
plant-remains  in  the  British  Islands  come  from  the  passage-beds 
at  Bodenham,  west  of  Ledbury,  and  may  have  belonged  to  the 
first  or  earliest  Lycopodiaceous  plants,  the  ancestors,  indeed,  of  the 
Devonian  and  Carboniferous  Lyoopods.  For  most  interesting  matter 
upon  the  Upper  Silurian  rocks  the  reader  must  consult  the  "Records." 
Four  plates  of  very  characteristic  fossils  and  many  woodcuts 
accompany  the  Silurian  division  of  the  volume. 

The  Old  Red  Sandstone  Chapter  (vii.)  adds  little,  physically,  to 
the  hitherto  known  history  and  extension  of  these  rocks.  The  Old 
Red,  however,  in  Herefordshire  and  Monmouthshire,  in  its  triple 
division,  is  indeed  a  grand  feature.  In  the  Vans  of  Brecon  and 
Carmarthen,  which  rise  nearly  3000  feet  above  the  sea,  their 
northern  flanks  and  outcrop  afford  scenery  of  surpassing  boldness 
and  grandeur. 

The  rapid  development  of  genera  and  species  of  the  fossil  fishes, 
as  well  as  their  classification  and  distribution  through  the  rocks 
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of  the  Old  Bed  Sandstone,  especially  Scotland,  has  been  the  theme 
of  Miller,  Agassiz,  Morchison,  and  others,  and  we  now  subdivide 
'  the  group  into  Lower,  Middle,  and  Upper,  according  to  the  genera  of 
fishes  most  abundant  in  these  subdivisions.  These  various  points 
are  well  discussed  in  the  ''Records."  Few  or  no  fossils  occur  in 
the  Old  Bed  proper,  save  the  fishes,  and  Meristomatous  Crustacea, 
no  Mollusca,  and  few  plants.  SpeK>e  forbids  more  notice  of  the 
interesting  chapters  upon  the  Old  Bed  Sandstone.  Chapter  viii.,  how- 
ever, contains  44  pages  upon  the  Devonian  Bocks  of  Devon  and 
Cornwall.  On  p.  260  is  given  a  table  of  the  whole  series  and 
its  subdivisions  in  N.  Devon,  S.  Devon,  and  Cornwall,  and  the 
views  of  various  authors  are  discussed  in  the  fairest  manner  through 
the  well-written  pages  of  the  Devonian  History.  We  are  able 
to  appreciate  both  the  original  work  of  the  author  and  his 
criticisms  upon  the  labours  of  others — it  being  our  good  fortune  to 
have  laboured  to  unravel  the  intricate  physical  structure  of  the 
grand  area  under  consideration.  The  author  properly  places, 
we  think,  the  unfossiliferous  Bed  grits  and  sandstone  of  Fickwell 
Down  or  Woolcombe  Bay  at  the  base  of  the  Upper  Devonian.  They 
form  a  natural  base,  and  were  slowly  deposited  as  the  sea-bed  became 
upheaved  at  the  close  of  the  Mid-Devonian  deposits.  We  ask  the 
reader  to  visit  Woolcombe  Bay,  Baggy  Head,  Croyde  Bay,  etc.,  and 
he  will  never  doubt  the  value  of  the  Upper  Devonian  rocks  in 
stratigraphical  geology;  more  so  still,  if  he  will  honestly  examine 
the  Barnstable,  Ven  and  Coddon  Hill  Carboniferous  rocks  above 
them.  The  Middle  Devonian  rocks  of  South  Devon  and  Cornwall 
receive  their  share  of  comment  and  discussion.  The  former  are  so 
completely  the  counterpart  of  the  Eifel  District  of  the  Bhenish 
provinces  in  every  particular  that  their  correlation  is  absolute,  strati- 
graphically  and  palseontologically.  TV  e  must  again  refer  the  student 
and  reader  to  the  matter  and  views  of  the  author  upon  the  Devonian 
question  in  his  "  Becords." 

Ninety-five  pages  of  most  valuable  matter  are  given  to  the 
Carboniferous  rocks  of  the  West  of  England  and  Wales.  The 
author,  in  his  "loves,"  says,  "The  mountain  limestone  is 
beloved  by  the  Greologist  for  its  picturesque  scenery,  its  caves 
with  their  stores  of  old  bones  and  the  number  and  variety 
of  its  fossils;  by  the  Botanist  for  the  rai*e  and  beautiful 
plants  nourished  in  its  fissures  and  on  its  slopes ;  by  the  Archae- 
ologist for  its  cromlechs,  old  camps,  and  ancient  dykes ;  and  by 
the  Historian  for  its  memories  of  many  a  hard  battle  and  many 
a  struggle  for  independence  fought  out  to  the  death  among  its 
ravines  and  dingles."  Anglesea,  the  Menai  Straits,  Great  Orm's 
Head,  Denbigh,  Clwyd,  Chirk,  Llangollen,  etc.,  in  the  north ; 
with  Cefn,  Tenby,  the  Cerrigs,  the  border  or  rim  of  the  great 
Welsh  Coal-field,  Cowbridge,  etc.,  in  the  south ;  with  numerous 
well-defined  and  characteristic  areas,  receive  ample  notice  of 
geological  interest,  geographical  distribution,  and  typical  fossil 
contents  of  the  rocks  under  notice.  The  author's  description  of  the 
limestone  of  St.  Gowan's  Head,  **Eligug  Stacks,"  etc.,  \\a  \yii^^, 
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flora,  and  history,  like  other  descriptive  portions  of  his  inter- 
eftting  Tolume,  cannot  receive  justice  at  onr  hands  for  want  of  space 
for  quotations ;  and  to  those  who  know  as  we  do  the  county  de8crU)ed, 
there  is  an  inexpressible  charm  in  thus  mentally  revisiting  districte 
that  recall  days  spent  amidst  scenes  so  wild,  and  studies  so  absorbing 
here  so  truthfully  rendered.  The  Wynd  Cliff,  Tintem,  the  bone- 
caves  of  the  Dowards,  Raven*s  Cliff,  and  other  classical  localities  on 
the  Wye,  rendered  still  more  so  by  the  varied  knowledge  imparted 
to  them  by  Mr.  Symonds,  close  the  chapter  upon  the  Carboniferoui 
Limestone.  The  Coal-measures  receive  a  separate  notice,  many  of 
the  Coal-fields  being  briefly  described.  He  who  would  wish  to 
understand  the  physical  geology  of  the  Coal-measures  need  only 
visit  the  great  Coal-field  of  South  Wales,  where  along  its  northern 
escarpment,  deep  central  valleys,  or  southern  outcrops,  all  the 
grand  features  of  this  great  epoch  in  the  history  of  the  Britisli 
Island  can  be  read  and  studied  as  in  no  other  area  in  Europe. 

No  record  of,  or  memoir  upon  the  I'alceozic  Kocks,  would  be 
complete  without  some  notice  of  the  Permian  series  which  closes 
the  historv  of  Paleeozoic  time.  It  is  enough  to  say  that  this 
chapter,  like  most  others  in  the  **  Becords,"  is  interestingly  and  well 
done.  Tlie  book  is  admirably  illustrated,  80  woodcuts  are  given, 
illustrating  both  physical  structure  and  picturesque  scenes.  Hie 
accomplished  President  of  the  Cotteswold  Club,  Sir  W.  V.  Guise, 
Bart.,  F.L.S.,  has  enriched  the  "Records"  with  four  exquisite 
delineations  of  the  "Eligug  Stacks**  near  Pembroke,  "Marloes  Bay," 
"  T\\e  Home  of  JDraha  aizoides/'  and  *'  St  Gowan's  Chapel,  Pem- 
brokeshire.** There  are  also  five  plates  of  typical  fossils  admirably 
and  characteristically  drawn  by  Miss  Dora  Baker,  of  Hasfield  Court, 
Gloucestershire.  Few  of  the  Sections  are  original ;  Professor  Ram- 
say's North  Wales  and  Sir  Roderick  Murchison's  Siluria  affording 
the  chief.  We  hope  to  see  in  the  next  edition  a  geologically  coloured 
mnp  of  Wales,  adapted  to  the  text  The  volume  is  the  basis  of  the 
best  and  most  interesting  scientific  guide  ("Record'*)  ever  yet  exe- 
cuted to  elucidate  the  intricacies,  and  causes,  and  effects  of  Silurian, 
Devonian,  and  Carboniferous  topographical  geology.  R.  K 


n. — Valleys,  Deltas,  Bats,  and  Estuabibs. 

By  Charles  Ricketts,  M.D.,  F.G.S. 
[Presidential  Address  to  the  Li?crpool  Geological  Society^  1872.] 

REFERRING  at  first  to  the  subject  of  Denudation,  and  to  some  of 
the  cun*ent  opinions  thereon,  Dr.  Ricketts  observes  that  although 
we  see  the  effects  of  marine  denudation  most  prominently  brou^t 
before  us,  yet  atmospheric  agencies,  rain  and  rivers,  have  a  far  larger 
basis  of  operation,  and  wear  away  much  more  of  our  land  than  the  sea ; 
and  that  although  the  majority  of  our  geological  formations  have 
been  deposited  beneath  the  sea,  the  sediment  must  not  be  attributed 
so  much  to  the  erosion  of  coast-line  as  to  the  transporting  power  of 
rivers.  Treating  of  the  Palaeozoic  rocks,  he  remarks  that,  in  look- 
ing at  a  section,  whilst  many  of  these  formations  have  commenced 
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in  shallow  water  and  near  the  coast,  subsequent  accumulations  of 
;reat  thickness  prove  a  subsidence  of  the  land,  and  the  consequent 
ieposition  of  the  succeeding  strata  further  and  further  away  from 
^e  shore,  even  "  at  a  distance  of  many  miles  from  the  coast,  so 
that  by  no  possibility  could  the  sediment  have  been  derived  from 
marine  denudation  acting  on  cliffs."  With  this  last  argument  we 
cannot  entirely  agree,  as  no  allowance  seems  to  be  made  for  the 
dispersion  of  sediment  by  marine  currents. 

Dr.  Bicketts  reviews  some  of  the  principal  opinions  in  regard  to 
the  origin  of  valleys,  and  advocates  their  subaerial  origin.  He  refers 
to  the  eroding  power  of  ice,  and  gives  his  opinion  that  the  subsidence 
of  the  land  in  England  duiing  the  Glacial  period  was  due  **  to  the 
combined  weight  of  ice  and  the  Boulder-clay  pressing  down  the 
surface  to  below  the  sea-level ;  the  land  being  again  raised  to  a  con- 
siderable extent,  when,  upon  the  return  of  a  more  genial  climate,  it 
was  relieved  of  its  load  of  ice  and  snow." 

Turning  his  attention  to  Deltas,  he  remarks  that  these  accumula- 
tions, which  attain  such  a  great  thickness  in  many  instances,  must 
have  been  accompanied  by  a  subsidence,  of  the  area  over  which  they 
are  deposited,  **  which  is  generally  gradual  and  imperceptible,  but 
under  certain  conditions  may  occasionally  occur  suddenly."  This 
depression  is,  he  thinks,  dependent  upon  and  caused  by  the  accu- 
mulation of  sedimentary  matter. 

These  notions  put  forward  by  Dr.  Ricketts,  "  that  alterations  of 
:he  level  of  the  surface  of  the  land  are  in  very  many  cases  due  to 
eilterations  in  the  amount  of  pressure,  either  from  accumulations  of 
material  on,  or  from  denudation  of,  the  earth's  surface,"  are  very 
suggestive,  but  we  cannot  regard  them  as  adequately  explaining  the 
facts  to  which  he  has  alluded.  Dr.  Dawson,  as  ho  remarks,  thinks 
that  during  the  Laurentian  period,  the  accumulation  of  sediment  on 
the  "  still  thin  crust  of  the  earth  "  weighed  down  the  surface,  and 
caused  great  masses  of  the  sediment  to  come  within  the  influence  of 
the  heated  interior  nucleus,  and  thus  extensive  metamorphism  took 
place ;  but  this  does  not  help  us  to  explain  present  movements. 

In  regard  to  Bays,  which  are  generally  attributed  to  marine 
denudation,  Dr.  Kicketts  remarks  that  with  few  exceptions  they  havo 
rivers  flowing  into  them,  and  appear  as  if  they  formed  a  continuation 
of  the  valleys ;  and  when  deltas  occur,  it  will  require  the  occurrence 
of  a  subsidence  of  the  land,  to  a  greater  extent  than  the  valley  can 
be  filled  up  by  the  sediment  brought  down  by  the  river.  He  there- 
fore thinks  that  in  such  cases  the  river  systems  were  formerly 
greatly  extended,  receiving  as  tributaries  rivers  which  now  empty 
themselves  into  the  bays.  Estuaries,  he  also  looks  upon  as  the 
result  of  a  subsidence  of  the  land,  by  which  the  river-bed  has  been 
depressed  below  the  sea-level,  owing  to  the  accumulation  of  sediment. 

In  conclusion,  Dr.  Ricketts  points  out  instances  of  depression  which 
he  thinks  may  be  traced  to  the  pressure  of  accumulations  which  have 
not  been  dependent  on  river-siction.  He  refers  to  the  harbours  along 
the  coasts  of  Sussex  and  Hampshire.  At  Spithead  large  accumula- 
tions of  flinty  shingle,  gravel,  and  sand  have  been  {onned*,  q^xl^^wOcl 
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accumulationR  extending  over  a  considerable  area  wonld,  he  tiunbt 
''bo  amply  sufficient  to  account  for  that  depressioiL  of  the  laad  opn 
whicli  the  existence  of  these  harbours  depends." 

Wo  have  devoted  so  much  space  to  Dr.  Bicketts'  views,  becmi^ 
coming  from  the  President  of  the  Liverpool  Geological  So(netj,«l 
fancy  that  more  faith  might  be  put  in  them  by  some  than  a  canM 
consideration  wouhl  warrant.  Dr.  Ricketts  has  pat  forward  aoM 
ideas  which  may  in  certain  cases  explain,  or  at  any  rate  help  ll 
explain,  phenomena;  but  he  has  pushed  his  theory  too  far.  If  oar 
crust  were  ko  feelde  that  the  accumulation  of  a  delta,  a  shingle  heiA 
or  the  ico  and  droj)pings  of  a  glacier,  could  weigh  it  down  gradusDj, 
wo  naturally  ask,  why  is  not  the  whole  of  the  land  sinldi^ 
gnulually  ?  And  how  can  elevation  be  due  to  denudation  of  materiiL 
when  denudation  cannot  take  place  until  the  area  has  been  brongbt 
up  to  within  its  influences? 

We  have  read  Dr.  Ricketts'  address  with  much  interest;  it  ii 
written  in  a  very  pleasant  style,  and  therefore  we  are  sony  to  dit* 
agree  with  his  views.  BL  B.  W. 


in. — The  Fokaminifeba  figured  bt  Ehbbnberg. 

On  tue  Nomenclature  of  the  Foraminifeba.  Part  XV.  Bj 
W.  K.  Parker,  F.R.S.,  and  Prof.  T.  Rupebt  Jones,  F.BA 
From  the  Annals  Nat.  Hist.,  ser.  4,  vol.  ix.  and  x.     1872. 

AMONGST  the  most  enthusiastic  observers  and  voluminoni 
writers  on  Foraniinifera  Dr.  Ch.  G.  Ehronherg  stands  pre- 
eminent. From  1838  to  the  present  day  his  observations  have  been 
continuous,  and  the  results  have  appeared  in  the  Transactions  and 
Procoodings  of  the  Berlin  Academy  of  Sciences,  and  in  his  '•'Mikro- 
gr'<»l()jrie,"  a  magnificent  folio  volume,  published  in  1854  under 
royal  patronage.  The  order  of  their  nomenclatorial  and  biblio- 
graphical work  having  brought  Messrs.  Parker  and  Jones  to  the 
earliest  of  Dr.  Ehrenberg's  memoirs,  they  "entered  on  the  somewhat 
arduous  and  responsible  labour  of  comparing  and  identifying  as  far 
as  possible  all  the  Foraminifera  lie  has  so  abundantly  provided  in 
his  successive  publications."  There  seem  to  have  been  special  diflfi- 
cullies  in  this  undertaking,  for,  with  the  highest  respect  for  the 
veteran  naturalist,  his  critics  state  that  they  find  **his  identifications 
of  Fomminifcnd  species  and  marked  varieties  are  often  inoorrect, 
both  among  those  of  his  o\vn  gathering,  and  of  them  with  such  as 
had  been  figured  or  mentioned  by  D'Orbigny ;  and  not  merely  are 
there  difficulties  as  to  specieSj  but  his  generic  groups  are  often 
discordant  with  the  names  they  bear,  and  sometimes  comprise  two 
or  more  different  genera,"  although  the  several  forms  ai-e  "often 
groupe<l  naturally  on  his  plates."  The  figures,  perfectly  engraved 
and  showing  exact  and  conscientious  artistic  labour,  are  drawn  from 
specimens  in  tur^ientine  or  Canada  balsam,  and  seen  by  transmitted 
light,  with  little  or  no  perspective;  and  yet  so  truthful  are  they, 
that  a  wide  knowledge  of  simiLarly  mounted  Foraminifera  enables 
the  rhizopodist  to  use  thorn  as  ''  a  storehouse  of  beautifully  prepared 
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specimens."  The  chief  groups  of  Foraminifera  figured  in  the 
"  Mikrogeologie "  are  Tertiary  and  Cretaceous,  from  different  parts 
of  the  world.  The  plates  illustrative  of  specimens  from  the  Chalk 
of  Meudon  (pi.  xxvii.)  and  of  Oravesend  (pi.  xxviii.)  have  already 
been  described  in  the  Qbol.  Mag.,  Vol.  VIII.,  pp.  511  and  563. 
The  figures  of  some  Palseozoio  Foraminifera,  from  the  Carboniferous 
strata  of  Russia,  chiefly  Fusulina  (several  species)  and  Endothyra,  are 
also  elucidated  by  our  authors.  Endothyra  sphceroidea  (Ehr.)  in  the 
Oolite;  Operadina  turgida  (Ehr.)  in  the  Chalk  of  Russia;  and 
An^htstegtna  and  Orhiioides,  fossil  in  Java ;  are  amongst  the  more 
interesting  facts.  A  classified  list  of  the  fossil  Foraminifera  figured 
by  Ehrenbei^,  and  a  list  of  his  generic  names  and  their  probable 
equivalents,  form  Appendices  to  the  paper  under  notice,  the  object 
of  which  is  thus  stated  by  Messrs.  Parker  and  Jones : — "  We  feel 
certain  that  the  better  Ehienberg's  work  is  understood,  his  beautiful 
and  lasting  illustrations,  and  his  painstaking  synoptical  registers, 
will  largely  advance  the  progress  of  biology  in  its  relation  to  both 
the  present  and  the  past.  In  removing  some  obscurity  from  the 
highly  valuable  groups  of  Foraminifera  of  which  he  has  treated,  we 
feel  the  pleasure  of  being  of  use  to  naturalists  and  geologists, 
enabling  fiiem  to  put  several  extensive  faunsd  and  local  groups  into 
close  critical  relation  with  each  other,  and  with  such  as  have  been 
observed  by  others.  Further,  we  are  sure  that  Ehrenberg  himself, 
thinking  over  the  improved  biological  systems  of  later  naturalists, 
and  open  to  conviction  on  good  arguments,  would  freshly  recognize 
the  force  of  his  own  words  respecting  the  importance  of  rhizopodal 
studies  and  their  slowly  progressive  nature  ;  and  be  pleased  to  find, 
also,  his  own  researches  not  only  serving  as  a  broad  basis  for  the 
study  in  general  and  as  steps  to  higher  knowledge,  but  still  more 
freely  trodden  in  the  upward  ascent,  when  made  somewhat  clearer 
and  firmer  for  the  student." 


GsoLOOiCAL  Society  op  London. — December  18,  1872. — Warington  W.  Smyth, 
Esq.,  F.R.S.,  Vice-President,  in  the  Chair. — The  following  communications  were 
read: — 1.  "Further  Notes  on  the  Punfield  Section."  By  C.  J.  A.  Meyer,  Esq., 
F.G.S. 

This  paper  was  supplementary  to  one  read  before  the  Society  by  the  author  in 
March  of  the  present  year  (see  Quart.  Joum.  Geol.  Soc.  xxviii.  p.  245),  and  contained 
the  results  of  a  fresh  examination  of  the  section  at  Punfield,  and  of  the  Wealden  and 
Ncocomian  strata  of  the  Isle  of  Wight.  lie  described  the  section  exposed  at  his 
risit  to  Punfield  as  presenting: — 1.  True  Wealden  beds;  2.  a  grit-bed  with  limestone 
and  paper-shales,  containing  fish-bones  and  Cypridcs;  3.  apparently  argillaceous 
beds;  4.  a  thin  band  of  hard  ferruginous  sandstone  with  Atherfield  fossils ;  6.  a  clay- 
bed,  the  upper  part  regarded  as  representing  the  "Lobster  Clay'*  of  Atherfield,  the 
lower  sandy  portion  containing  an  abundance  of  marine  fossils  belonging  to  common 
Atherfield  species;  6.  the  so-called  "marine  band;"  and  7.  laminated  clays  and 
sands  with  lignite.  The  author  indicated  the  accordance  of  this  arrangement  with 
what  is  observed  elsewhere,  and  maintained  that  the  grit-bed  (No.  2),  with  its 
limestone  and  paper-shales,  containing  Cypris  and  Cj/rena,  was  really  to  be  regarded 
as  the  passage-oea  between  the  Wealden  and  the  Neocomian. 

Diieutsion. — Mr.  Judd  congratulated  the  author  on  the  mterofttiug  uatwx^  ol 
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his  discoveries,  which  in  hii  opinion  bore  oat  most  eompletdy  his  own  tiowb  and 
thoee  of  others  who  had  worked  before  him  in  the  same  field,  fle  citod  Dr.  Fitton, 
Mr.  Godwin- Austen,  and  Sir  Charles  Lyell  as  re^rding  the  beds  as  unqnestionabU 
Wcalden,  thoofh  with  some  marine  bands  accidentally  intermingled.  Prof.  Eo. 
Forbes,  Prof.  Phillips,  and  the  Geological  Sorrey  had  also  regurded  these  beds 
as  Wealdon,  notwithstanding  the  temptation  there  existed  from  etratigraidiiflal 
realsons  to  place  them  in  the  Lower  Greimsand.  These  authors  had  supported  their 
views  of  the  Wealden  nature  of  these  beds  by  collections  of  freshwater  rossils,  some 
of  which  were  figured,  and  are  still  preserved  in  public  collections.  He  had  himself 
regarded  the  Punfield  series  as  Neocomian,  though  still  closely  connected  witii  the 
Wealden,  and,  in  fact,  forming  a  transitional  series  of  beds  between  the  two,  thoorii 
absolutely  belonging  to  neither,  and  therefore  worthy  of  a  distinctiYe  name,  lie 
accepted  the  author  s  view,  as  carrying  the  boundary  of  these  transitional  beds  to  a 
lower  level  than  that  previously  assigned  to  them.  In  correlating  the  Punfield  bedi 
with  those  of  the  Isle  of  Wight,  he  disputed  the  value  of  &e  evidence  of  tiie 
lobster-beds,  which,  as  had  been  pointed  out  by  £dward  Forbes,  must  of  neoenity 
have  varied  in  character  at  points  any  considerable  distance  apart. 

Mr.  Seeley  had  roffarded  the  Punfield  beds  from  the  same  point  of  view  as 
Mr.  Meyer,  and  had  (ul  alon^  felt  objections  to  the  opinion  of  Mr.  Judd.  This  had 
been  partly  the  result  of  his  observations  of  the  section,  partly  the  result  of  Ihs 
palieontological  evidence.  By  following  the  beds  westward  he  had  arrived  nearer  thfr 
source  of  the  materials  of  which  they  were  composed,  and  had  noted  more  particularly 
a  certain  grit-bed  which  he  thought  could  be  recognized  through  the  whole  series, 
and  therefore  afforded  a  sort  of  basis  for  argument.  The  beds  thinned  out  to  the 
west  and  thickened  to  the  east  He  was  prepared  to  accept  tiie  two  lobster-bed^ 
which  in  the  section  were  one  orer  the  other,  as  merely  showing^  the  pernstenoa 
of  the  same  bed,  which,  though  continuous,  had  changed  its  position  aoxing  the 
interval. 

Prof.  T.  Rupert  Jones  considered  that  certain  beds  in  the  yTealdsn  were  sus- 
ceptible of  correlation  over  very  wide  areas  by  means  of  certain  brecciated  beds. 
He  pointed  out  that  near  Pulborou^h  and  at  other  places  the  Wealden  terminated  in 
paper-shales,  the  same  as  those  which  Mr.  Meyer  had  placed  at  the  top  of  the  scries 
at  Punfield.  Above  these  he  thouj^ht  no  purely  freshwater  beds  were  to  be  found. 
He  considered  that  the  whole,  including  the  Wealden,  were  included  in  the 
Ncocomian. 

Mr.  Etheridge  thought  the  difference  between  the  various  vniters  on  this  subject  to 
be  mainly  one  of  terms.  The  same  fossils  as  those  found  at  Punfield  had  been  found 
in  abundance  in  Spain. 

Mr.  Meyer  maintained,  in  opposition  to  Mr.  Judd,  that  the  Punfield  beds  were  not 
merely  Upper  Wealden.  He  had  found  a  certain  form  of  Ostrea  over  large  areas 
always  on  the  same  horizon;  and  this  had  occurred  at  Punfield  at  precisely  the 
level  at  which,  in  accordance  with  his  views,  it  ought  to  have  been  present.  Above 
the  marine  bands  he  had  sought  in  vain  for  fossils. 

2.  *'0n  the  Coprolites  of  the  Upper  Greensond  Formation,  and  on  Flints." 
By  W.  Johnson  SoUas,  Esq.  Communicated  by  the  £ev.  T.  G.  Bonney,  M.A., 
F.G.S. 

The  first  part  of  this  paper  was  principally  occupied  in  an  endeavour  to  explain 
the  perfect  fossilization  of  sponges  and  other  sotl-oodicd  animals.  It  was  shown 
that  the  h}'pothc8is  which  considered  that  sponges  had  become  silicified  by  an 
attraction  of  their  spicules  for  silica  was  altogether  untenable.  Mr.  H.  Johnson's 
supposititious  reaction,  according  to  which  the  carbon  of  animal  matter  is  directly 
replaced  by  silicon,  was  shown  to  be  inconsistent  with  the  known  facts  of  chemistry. 
The  author's  explanation  was  not  intended  to  be  final.  The  first  fact  pointed  out 
was  the  very  remarkable  way  in  which  the  silica  or  calcic  phosphate  of  the  fossils 
under  consiaeration  followed  the  former  extension  of  organic  matter.  This  was 
explained  for  silica  by  the  fact  that,  when  silicic  acid  is  added  to  such  animal  matters 
as  albumen  or  f^elatin,  it  forms  with  them  a  definite  chemical  compound ;  and  it  was 
assumed  that  in  process  of  time  this  highly  complex  organic  substance  would 
decompose,  its  organic  constituents  would  be  evolved,  and  its  silica  would  remain 
behind.  In  such  a  way  fiints  might  he  produced,  and  dialysis  would  lend  its  aid. 
The  same  explanation  was  applied  to  account  for  the  connexion  between  calcio 
phosphate  ana  animal  matter  m  the  case  of  the  "  Coprolites." 

The  Blackdown  silicified  shells  were  next  explained,  and  it  was  reatonod  that 
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fte  ttate  of  &eir  rilica  o£RBrad  aignmeitti  tending  to  proTO  a  passage  of  silica  from 
the  colloidal  to  the  cr]rBtaUine  state. 

The  second  part  of  the  paper  diicnssed  the  Coprolites  specially ;  their  exterior 
appearance  is  extremely  sponge-like,  almost  exactly  resembling  some  species  of 
flftodem  q»onges.    They  are  marked  by  oscules  of  peemiar  characters. 

The  so-called  ''pores"  of  palseontolo^ts  are  well  marked.  Spicules,  triradiate^ 
hezradiate,  sinuons,  defenslTc  and  connectme,  have  been  observed.  They  are  siliceous 
in  oomposition.  On  dissolrinff  the  coprolites  in  add,  the  spicules  are  set  free, 
associated  with  Polytyatinm  (Haiiomma  hexaemntha^  etc.)  and  Xanthidia  (N.  fureatum). 
The  genera  and  species  of  coprolites  described  were  as  follows: — JRhabdoapongia 
MnmtuniSj  Bonneyia  baeilliformuj  B.  cylindricua,  B.  Jettoniy  B.  jcrobieulatut, 
B.  verrongiformis,  Aeanthophora  Hartogiiy  Polyeantha  Etheridgii,  Betia  §impl€x, 
B.  eo9taULy  Utotpongia  pattra,  U,  caiyx,  U,  Brunii,  The  external  appearance  of 
these  forma,  which  constitute  a  great  number  of  the  coprolites,  their  eunous  oscules 
and  siliceous  spicules,  were  said  to  leaye  no  doubt  as  to  tneir  spongions  origin. 

JHteuuioH, — Mr.  Charlesworth  complained  that  the  author  had  not  rally  stated 
Dr.  Bowerbank's  views,  which  were  founded  on  the  fact  that  flint,  wherever  found, 
whether  in  fissures,  the  interior  of  organisms,  or  elsewhere,  always  presented  under 
the  microscope  a  reticulated  structure.  He  had  himself  combated  the  view  that  flint 
was  in  all  cases  silicified  sponge,  and  had  demonstrated  that  certainly,  in  some  cases, 
flint  had  been  formed  without  the  intervention  of  sponges ;  for  in  the  case  of  the 
teeth  in  a  lower  jaw  of  a  Mosaaaunu  foimd  in  the  cfaaUL,  he  had  found  the  pulp- 
cavities  completely  filled  with  black  flint.  At  the  same  time  the  bone  and  dentine 
had  remained  unsilicified.  Even  in  this  flint,  however,  Dr.  Bowerbank  thought 
he  had  recognized  spongy  texture,  and  accounted  for  the  presence  of  sponge  in 
so  sin  pillar  a  position  in  what  seemed  to  be  by  no  means  a  satisfactory  manner. 
Mr.  Charlesworth  maintained  that  siliceous  matter  did  not  always  follow  organic 
fibre,  and  that  in  the  case  of  most  Ventriculites  the  flint  never  embraced  the  whole  of 
the  organism.  In  the  chalk  of  the  southern  parts  of  England,  the  roots  and  upper 
portion  of  Ventriculites  were  hardly  ever  to  his  knowledge  completely  silicified.  In 
Yorkshire,  on  the  contrary,  the  whole  body  of  the  sponge  was  silicified,  and  flint  was 
but  rarely  found  of  other  forms.  He  called  attention  to  the  fact  that  when  a  shell, 
such  as  that  of  an  Echinoderm,  was  completely  filled  and  enveloped  by  flint,  it 
remained  in  the  state  of  carbonate  of  lime ;  where  only  filled  but  not  enveloped, 
a  portion  of  the  shell  had  been  replaced  by  silica. 

Prof.  T.  Rupert  Jones  regretted  that  observations  in  this  country  were  principally 
confined  to  the  flints  of  our  Southern  Chalk.  He  had  himself  never  seen  such 
silicified  shells  of  Ecbinoderms  as  those  described  by  Mr.  Charlesworth.  He 
considered  that  in  many  cases  the  flint  was,  in  fact,  pseudomorphous  silica  after 
amorphous  carbonate  of  hrae,  and  that  there  was  a  gradual  change  from  carbonate  of 
lime  into  silica  taking  place,  so  that  the  theory  of  the  author  was  not  in  all 
cases  applicable. 

Rev.  0.  Fisher  was  not  prepared  to  accept  the  whole  of  the  coprolites  as  having 
been  originally  sponges,  nor  as  having  been  derived  from  the  Gault.  He  thought,  on 
the  contrarj',  that  they  came  out  of  a  chloritic  marl  which  was  not  truly  Upper 
Greensand. 

Mr.  Carruthers  thought  that  the  speculations  in  the  first  part  of  the  paper,  though 
interesting,  formed  only  a  portion  of  a  very  large  subject;  and  he  would  be  glad  to 
see  the  considerations  extended  to  the  fossilization  by  silica  of  other  bodies  than 

Xnges.  He  thought  in  most  instances  the  silicitication  was  the  result  of  what  took 
ce  long  after  the  organisms  had  been  imbedded  in  the  rock. 

Mr.  Gwyn  Jeffreys  stated  that  in  deep-sea  explorations  he  had  found  both  siliceous 
and  calcareous  sponges  in  the  same  area.  He  had  taken  them  both  alive  and  dead, 
and  in  no  case  was  there  silicification.  In  the  case  of  foramiuifera  he  had,  however, 
found  the  interior  filled  with  silica. 

Mr.  Johnson  stated  that  he  had  not  confined  his  remarks  in  the  paper  cited  by  the 
author  to  the  substitution  of  silicon  for  carbon,  but  had  instanced  that  as  only  one  of 
the  steps  towards  silicitication". 

Mr.  Evans  mentioned  the  late  M.  Meillet,  of  Poitiers,  as  having  some  years  since 
pointed  out  the  cause  of  the  whitening  of  flint  by  age. 

Mr.  Woodward  pointed  out  that  the  condition  of  most  silicified  Ventriculites  seems 
to  aff'ord  evidence  that  the  process  had  gone  on  at  a  period  long  sub8e(\ueut  to  their 
imbedding  in  the  Chalk. 
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Prof.  Williamion  commented  on  the  difficulties  of  the  case,  and  nid  he  bdiered 
that  in  most  fossils  more  than  one  process  had  conduced  to  the  result  lie  amed  with 
Mr.  Charlesworth  as  to  the  character  of  the  Yorkshire  fossil  sponges,  in  which  the  silica 
had  most  completely  replaced  the  keratose  fibres.  By  the  action  of  acid  it  wai 
possible  to  obtain  their  skeletons  as  perfect  as  those  of  liring  species.  There  had 
been  no  mere  infiltration  in  the  case,  but  a  real  chemical  union  oetween  the  silica 
and  the  keratose  fibres.  At  Flamborough  Head,  close  bj  silicified  sponges,  he  hid 
found  others  in  which  the  organic  matter  had  been  entirely  replaced  by  oxide  of 
iron  instead  of  silica;  and  these,  on  bein^  treated  with  acid,  were  diuolyed.  In 
the  case  of  the  foraminifera,  three  distinct  agencies  had  taken  place, — one  an 
infiltration,  another  the  conversion  of  animal  matter  into  flint,  and  the  thud  that  of 
calcareous  matter  into  flint  also. 

Mr.  SoUas,  in  reply,  pointed  out  that  he  had  not  stated  that  flint  was  formed 
by  the  silicification  of  sponge-tissue,  but  by]  that  of  animal  matter.  He  did  not 
think  that  any  mere  mineral  change  could  account  for  the  forms  of  flints.  He  hid 
only  dealt  with  a  limited  portion  of  the  question  of  the  origin  of  flint  and  coprolitei. 
Of  the  oreanic  origin  of  the  latter  there  could  be  no  doubt.  He  thought  tnat  the 
non-silicifaed  condition  of  recent  dead  sponges  might  be  due  to  a  defective  supply  of 
silica  in  the  sea-water.  Uo  hod  not  put  so  much  stress  on  dialysis  as  had  been 
supposed,  but  relied  mainly  on  the  deposition  of  flint  by  means  of  organic  matter. 
From  the  presence  of  silieeous  spicules  of  peculiar  forms  in  the  coprolitea^  he  ooild 
not  accept  them  as  of  Alcyonarian  origin. 

Geologists'  Association — January  3,  1873.— The  Rev.  T.  WiltshiiB,  M.A., 
F.G.S.,  President,  in  the  Chair.  —  "  On  the  Cambrian  and  Silurian  Rocks  of 
Ramsay  Island,  St.  David's,*'  by  Henry  Hicks,  Esq.,  F.G.S. 

In  an  exposed  coast  section  which  occurs  at  the  north  end  of  Ramsay  Island, 
the  three  important  groups  of  strata  known  under  the  names  Lingula  I^lags, 
Tremadoc,  and  Arenig  Groups,  are  seen  resting  on  one  another  in  the  ord^  of 
their  succession,  and  probably  are  better  exhibited  than  at  any  other  place  in 
Wales.  The  first  two  groups  arc  those  now  usually  recognized  as  formine  the 
upper  part  of  the  Cambrian ;  and  the  latter  as  the  lowest  group  of  the  SiTuriaD 
system.  This  section  is  therefore  of  considerable  importance,  m  its  bearing  on 
cfassificatiou,  as  it  shows  clearly  the  relation  of  the  groups  to  each  other.  The 
Lingula  Flags  occur  as  hard  siliceous  sandstones  with  grey  flaky  slates,  and  dip 
under  the  others  at  an  angle  of  about  GO  degrees.  They  contain  the  usual  shel^ 
Linguklla  Darmif  in  great  abundance ;  also  a  Trilobitc  of  the  genus  Neaeurttw^ 
JEophi/tortj  a  supposed  land-plaut,  and  numerous  worm  tracks.  The  beds  are  frequently 
ripple -marked,  and  give  indications  of  ha\'ing  been  shore  or  shallow  water  accu- 
mulations. The  Tremadoc  group  rests  quite  conformably  on  the  Lingula  Flags, 
and  at  first  the  beds  are  much  like  those  of  the  latter  in  their  lithological  characters, 
but  afterwards  thej  gradually  assume  a  darker  and  more  flaggy  appearance.  Fossils 
are  yi'.ry  plentiful  in  these  beds,  and  numerous  new  forms  come  in.  Amongst  these 
may  be  mentioned  the  I^mcUibranchs,  Star-fishes,  and  Encrinitcs.  The  Triiobites 
belong  to  the  genera  Niode  and  Ncseurttua.  A  gentle  and  gradual  depression  of  the 
sea-bottom  was  evidently  taking  place  during  the  deposition  of  this  group.  Resting 
upon  the  lust  mentioned  is  the  Arenig  group,  a  scries  of  black  iron-stained  slates 
and  fiags,  and  with  a  fauna  wholly  distinct  from  that  of  the  Tremadoc  group.  The 
Graptolites  come  in  here  for  the  first  time,  as  well  as  the  genera  JFlglina^  Irinueltui, 
and  Ogt/gia,  In  many  respects  the  fauna  resembles  that  of  the  Quebec  group  of 
Canada!  For  the  deposition  of  these  beds  a  deep  and  decided  depression  of  the  sea- 
bottom  must  have  taken  place,  and  if  the  succession  here  is  unbroken  this  must  have 
been  sudden.  It  is  probable,  however,  that  a  fault  has  passed  along  the  strike  of 
the  beds,  and  that  this  has  removed  the  series  which  should  have  intervened  to 
connect  them  more  closely,  litholoGrically,  and  pnlaH)ntoloffically.  As  far  as  can  bt 
made  out  by  this  section,  the  boundary  Line  between  Cambrian  and  Silurian  should 
be  certainly  placed  above  the  Tremadoc  gronp  as  exhibited  at  St.  David's  (the 
upper  part  of  the  Tremadoc  group  of  North  Wales  will  doubtless  have  to  bt 
faffi^ylaa  in  the  Arenig  group),  and  iehw  the  Arenig  group. 
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THE  SETTLE  CAVE  DEPOSITS. 

Sib, — Mr.  Tiddeman's  desoription  of  the  older  deposits  in  the 
Victoria  Caye  at  Settle  encourages  me  to  ask  him  through  your 
pages  kindly  to  consider  whether  the  laminated  glacial  clay  that  he 
has  so  well  made  out,  as  occurring  between  the  upper  cave  earth 
and  the  bone-bed  with  the  older  cave  mammals,  may  not  be  an 
indication  of  that  last  glacial  period  which  I  have  so  often  advocated 
in  yonr  pages ;  but  without  the  success  in  drawing  attention  to  the 
sabject  which  I  could  wish.^ 

It  is'  plain  from  Mr.  Tiddeman's  paper,  **  On  the  Ice-sheet  in 
North  I^cashire,"  that  the  term  which  I  gave  to  the  moraine 
profonde  of  that  particular  period,  viz.  "Trail,"  has  reached  his 
ears ;  but  I  doubt  if  he  has  read  my  papers :  otherwise  he  would 
not  have  applied  the  term  to  '*  a  subaerial  drag  "  or  ''  trail  '*  of  soft 
beds  to  a  lower  level,  under  the  softening  and  loosening  influences 
of  rain  and  frost,'  and  argued  for  a  glacial  origin  of  a  phenomenon 
which  I  have  always  maintained  has  that  origin. 

The  particular  reason  which  induces  me  to  suspect  that  the 
laminated  clay  of  the  Settle  Cave  belongs  to  the  period  of  the 
"  Trail "  is  because  it  occupies  the  right  position  in  time,  as  being 
subsequent  to  the  Cave  Mammals.  I  have  shown  that  that  deposit 
is  none  other  than  the  river  gravels,  which  contain  tlio  same  fauna  as 
the  caves.  I  must  confess  that  I  do  not  quite  understand  what  date 
Mr.  Tiddeman  assigns  to  the  ice-sheet  which  he  has  described.  I 
have  not  had  time  to  read  his  paper  in  the  Journal  so  carefully  as  I 
could  wish,  but  I  perceive  that  in  that  paper,  as  well  as  in  the 
Magazine,  he  uses  the  expression,  ''The  Glacial  Period."  One  is 
inclined  to  ask,  "  Which  ? "  There  is  a  remarkable  passage  in  Mr. 
Dawkins's  paper  on  the  "  Classification  of  Pleistocene  Strata/'  which 
strongly  in  my  opinion  supports  my  view  of  this  late  ice-sheet,  and 
also  that  the  laminated  clay  of  the  Settle  cave  belongs  to  it.  It  is 
that  in  which  he  insists  on  the  magnitude  of  the  interval  between  the 
late  Pleistocene  and  the  Prehistoric  ages  in  Britain,  during  which 
nineteen  species  disappeared,  and  five  at  least  became  extinct.^ 
Hablton  Kbctory,  near  Cambrldqe.  0.  Fisher. 


By  the  death  of  Mr.  John  Bolton,  of  Sedgwick  Cottage,  Swarth- 
moor,  ne€u:  Ulverstone,  the  geology  of  Furness  has  sustained  a  great 
loss,  and  palaeontology  a  most  enthusiastic  collector.  His  passion 
for  fossils  originated  in  1795,  when  a  child  of  seven  years  old, 
hx>m  sauntering,  near  an  excavation  for  a  well  in  the  Mountain 
Limestone  of  Urswick  Green,  where  he  observed  and  obtained 
the  stems  and  separate  joints  of  Encrinites,  the  "fairy  cheeses"  and 
"  queer  things  "  of  his  playfellows.  From  this  date  his  interest  in 
Nature  never  seems  to  have  flagged,  notwithstanding  that  he  was 
two  years  later  sent  to  a  weaving-shed  in  Ulverstone,  and  after- 
wards to  Bamsley,  where  he  efiected  an  important  improvement 

»  Geol.  Mao.,  VoL  III.  p.  483;  Vol.  IV.  p.  194;  Vol.  VIII.  p.  66,  etc.,  etc. 
^  Journal  of  GeoL  Soc.  vol.  xxriiL  pp.  480,  482. 
*  GeoL  Joom.  toL  xxviii*  p.  414, 
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in  the  Jaoquard  loom,  of  which  he  allowed  others  to  reap  th( 
benefit  Betuming  to  his  native  district  of  Famess,  he  practisec 
as  a  land-sorvejor,  and  devoted  days  and  weeks  for  more  that 
half  a  century  in  examining  well  nigh  every  square  yard  of  Fumeai 
and  the  adjacent  Lake-Mountains,  and  collecting  the  fossils  from  tii( 
Skiddaw  slates,  in  some  of  the  wildest  and  least  frequented  mountain 

Eeaks  and  secluded  ghylls  in  North  Britain.  In  1862  a  pap^  ol 
is  was  communicated  to  the  Geological  Society  of  London,  "Oc 
a  Deposit,  with  Insects,  Leaves,  etc.,  near  Ulverstone,"  in  which  he 
described  several  points  connected  with  the  deposition  of  hsematite^ 
a  subject  in  which  he  had  obtained  much  experience.  In  1869  h( 
published  his  work  on  the  G^logy  of  Fnmess,  entitled  ^  Greologioa] 
Fragments,"  in  whidi  he  describes  his  chief  fossil  discoveries,  an^ 
gives  an  interesting  and  naive  account  of  his  adventures  among  the 
mountains  with  the  dalesmen  of  the  North,  and  of  his  intercourse 
with  Prof.  Sedgwick,  and  other  veteran  geologists,  who  first  worked 
out  the  geology  of  the  Lake  District  In  ^s  work  John  Bolton 
must  always  be  considered  to  have  had  some  share,  in  having 
collected  the  fossils  of  Fumess  before  a  single  geologist  had  evei 
visited  that  country,  and  from  having,  during  a  long  life,  probablj 
obtained  more  fossils  from  the  Lake  District  than  any  other  person 


PROFESSOR  SEDGWICK,  BORN  1786,  DIED  1873. 

It  is  with  much  regret  that  we  record  the  death  of  another 
veteran  belonging  to  the  heroic  age  of  Geological  science.  The 
Rev.  Professor  Adam  Sedgwick,  Fellow  of  Trinity  College, 
Cambridge,  who  since  1818  has  held  the  Chair  of  Wood- 
wardian  Professor  of  Geology  in  that  University,  died  early  on 
the  27th  January,  in  his  88th  year. 

The  labour  of  his  life  was  the  promotion  of  Geological 
science ;.  his  happiness,  to  do  good  to  all  around  him.  His 
portrait,  with  an  account  of  his  scientific  career  and  published 
works,  will  be  found  in  the  Geoloqical  Magazine  for  1870, 
Vol.  VIL  p.  145. 


RELiQuiiB   Aqtjitanio-b. — The  jpublication  of   this  serial   work 

descriptive  of  the  implements,  bones,  etc.,  lonnd  by  MM.  Henry  Christy  and  Edooarc 
Iiartet  in  the  Caves  of  the  Yes^re  (Dordogiie),  France,  met  with  a  sad  and  unex* 
pected  interruption  from  the  death  of  M.  Lartet  and  the  troubles  of  the  Frencl 
war.  The  lamented  M.  Lartet  had  in  1805  cheerfully  undertaken  the  labooi 
of  fulfilling  all  that,  from  the  loss  of  his  friend  and  fellow-worker,  H.  Christy 
had  fallen  upon  him  to  do,  in  carrying  out  as  far  as  possible  the  original  intentioni 
regarding  the  "  ReliquitB  Aquitanice.  '  Conscientiously  and  with  loving  care  b( 
fulfilled  this  melancholy  but  congenial  task,  though  much  interrupted  by  il 
health  and  family  a£9iotioii ;  until,  seriously  invalided,  and  deeply  affected  bv  th< 
disasters  of  his  country,  he  retired  from  Paris  in  the  dismal  autumn  of  1870,  ana  wai 
struck  by  apoplexy  at  his  country  residence  at  Seissan  (Gers),  Januar;^  28,  1871.  Th< 
executors  and  friends  of  the  late  Henry  Christy  are  desirous  of  speedily  and  worthflj 
completing  the  "Keliquie  AquitaniceB"  in  acqordance  wijii  &•  intentLons  of  tin 
authors;  and  with  the  aid  of  friends  at  home,  and  of  M.  Louis  Lartet,  M.  Alphonsc 
Milne-Edwards,  M.  Sauva^,  and  other  fellow-workers  in  France,  they  will  proceec 
with  the  work  as  expeditiously  as  postiblev    Owing  to  the  melancholy  erents  abort 

referred  to,   there  will  be  fewer  rarts  published  than  ohg^iiaUj  ooniemplated. 

Part  XL  IB  in  the  preaa,  and  will  aoon  appear. 
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I. — On  a  Nxw  Speoies  of  Bostsllabia  fbom  the  Gault. 

By  F.  a.  H.  Pbiob,  F.G.S.,  etc. 
(PLATE  VI.) 

I  HAVE  mnoh  pleasure  in  calling  attention  to  an  unusually  large 
G^steropod,  which  I  had  the  good  fortune  to  find  last  February 
near  Copt  Poin^  Folkestone,  when  in  company  with  Mr.  Griffiths, 
the  well-known  collector. 

It  occurred  in  the  Upper  Gault,  a  few  feet  above  the  hard  seam 
containing  Inoceramus  sidcatus,  and  an  hybrid  Inoceramua,  in  the 
zone  (No.  IL)  of  Ammonites  circularis  and  Kingcena  lima  of  Be 
Bance.^ 

Never  having  met  with  so  large  a  specimen  in  either  of  the 
National  Collections  or  in  jmy  private  cabinet,  I  took  the  opportunity 
of  showing  it  to  Mr.  Etheridge,  F.K.S.,  the  Kev.  Thomas  Wiltshire, 
M.A.,  F.G.S.,  and  to  Mr.  J.  S.  Gardner,  F.G.S.,  all  of  whom  are 
well  known  as  being  thoroughly  acquainted  with  the  Gault ;  but 
none  of  them  had  ever  seen  so  large  an  example  of  BosteUaria 
before. 

Mr.  Wiltshire  said  that  so  many  exaggerated  forms  occurred  in 
the  Led  from  whence  this  specimen  was  derived,  that  he  was  inclined 
to  consider  it  to  be  a  giant  form  of  BosteUaria  carinata  ;  but  I  have 
carefully  compared  it  with  several  specimens  of  BosteUaria  carinata ^ 
and  firmly  believe  it  to  be  a  new  species. 

The  following  is  the  description  of  the  fossil: — Shell  turreted, 
having  eights  whorls  flattened  and  slightly  convex  with  undulate 
longitudinal  costsB,  which  are  crossed  by  numerous  transverse  lines. 
Body-whorl  carinated  and  extended  into  one  spine  on  the  outer  lip ; 
sutures  distinct,  transversely  striated.  Few  or  no  undulating  cost83 
on  the  body -whorl  above  the  carina ;  both  above  and  below  the 
carina  the  body- whorl  is  concentrically  and  delicately  striated.  The 
body-whorl  is  twice  the  length  of  the  preceding  whorl;  whorls 
twice  as  wide  as  high.     Canal  produced.     Axis  4|  inches. 

This  description  may  be  somewhat  similar  to  that  of  BosteUaria 
carinata,  Mantell,  Apporrhais  carinata,  Pictet  and  Campiche;  yet 
upon  close  scrutiny  it  will  be  readily  observed  that  this  specimen  is 

^  See  GioL.  Mao.  Vol.  Y.,  No.  4,  April,  1868.  On  the  Albian,  or  Gault  of  FolW 
ftone,  by  C.  £.  De  Ranee,  F.G.S.,  of  tne  Geological  Surrey. 
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fully  twice  the  size  of  the  largest  BosteUaria  yet  known  from  the 
Gault. 

In  my  opinion,  as  well  as  that  of  many  of  my  g^logical  ftiends 
who  have  done  me  the  honour  of  examining  this  fossil,  it  is  quite  • 
new  species,  and  as  such  I  propose  to  name  it  Bostellaria  nuudma, 
that  being  tiie  most  appropriate  designation  I  can  apply  to  it. 


II. — Note  on  the  Silicified  Woods  of  Califobnia. 
By  J.  Abthub  Phillipb,  M.Iiut.G.£.,  P.G.S.,  F.C.8. 

THE  deep  placers  of  California  are  often  covered  by  a  thick  cap- 
ping of  lava ;  in  other  places,  the  emptive  matter  overlying 
the  auriferous  gravels  occurs  in  the  form  of  columnar  basalt, 
beneath  which  is  found  the  auriferous  strata  of  sand,  clay,  and 
gravel.  These  deposits  often  contain  immense  numbers  of  large 
tree-trunks,  which,  with  those  portions  of  their  branches  which 
remain,  are  either  silicified,  or  are  converted  into  a  lignite^  often 
containing  a  considerable  amount  of  iron  pyrites. 

Many  of  these  trees  bear  unmistakable  marks  of  having  been 
exposed  to  the  action  of  violent  currents  before  becoming  embedded 
in  the  detritus  which  now  covers  them,  and  fragments  are  some- 
times met  with,  of  which  one  portion  had  become  more  or  less  com- 
pletely converted  into  lignite  previously  to  silioification.  In  such 
cases,  specimens  may  be  obtained  having  the  appearance  of  jet  and 
opal  respectively;  each  portion  distinctly  retaining  the  original 
structure  of  the  wood. 

In  these  sedimentary  deposits,  leaf-beds  and  impressions  of  leaves 
are  of  not  unfrequent  occurrence,  and  from  a  preliminary  examina- 
tion of  these,  by  Dr.  Newberry,  they  are  believed  to  be  of  Tertiary 
age ;  probably  belonging  to  the  later  Pliocene  epoch.* 

In  order  to    determine  the  difference  in  composition  existing 
between  silicified  wood  and  silicified  lignite,  the  following  analyi 
were  made : — 
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Both  specimens  were  obtained  from  the  trunk  of  the  same  tree, 
found  in  the  auriferous  drift  under  a  volcanic  capping,  near  Nevada 

'  Geological  Sorrty  of  Ctlifonda,  ib^^,  26Q-2JI. 
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Citjv  and  have  been  in  my  collection  since  1866.  The  transition 
from  silicified  wood  to  silicified  lignite  was  exceedingly  gradual,  one 
end  of  the  log  being  black  with  a  somewhat  hackly  fracture,  while 
the  colour  of  the  other  end  was  yellowish-white,  and  its  fracture 
oonchoidal ;  both  distinctly  retained  their  original  woody  structure. 

These  results  of  analysis  show  that  although  every  trace  of  organic 
matter  has  disappeared  in  the  silicified  wood,  the  silicified  lignite, 
produced  from  the  same  tree,  still  retains  about  14  per  cent,  of  carbon* 

It  will  likewise  be  observed  that  if,  in  the  second  analysis,  ab- 
straction be  made  of  the  carbonaceous  matter,  and  the  per-centages 
be  re-calculated,  they  will  very  nearly  agree  with  those  of  the 
silicified  wood. 

In  both  analyses  the  amount  of  potassa  found  is  greater  than  that 
of  8oda« 


in. — ^Thx  Coal  Axxa  or  the  UNrrxD  States  of  Abixbioa. 

By  C.  H.  Hitchcock,  HanoTer,  N.H.,  U.S.A. 

IN  compiling  for  the  Census  Bureau  of  the  United  States  a  small 
geological  map,  I  had  occasion  to  determine  the  precise  areas 
occupied  by  workable  beds  of  Carboniferous  Coal.  As  the  sum 
total  is  different  from  that  recently  stated  in  the  Geologioal  Maga- 
HNx,^  I  have  thought  a  correction  desirable;  and  present  a  few 
statements,  based  upon  original  authorities,  the  best  within  my 
reach. 

There  are  eight  distinct  areas  of  the  Coal  Measures  in  the  United 
States.  They  are — 1.  The  New  England  Basin.  2.  The  Pennsyl- 
vania Anthracite.  3.  The  Appalachian  Basin.  4.  The  Michigan 
Basin.  5.  The  Illinois  Basin.  6.  The  Missouri  Basin.  7.  The 
Texas  Basin.  8.  Areas  of  unknown  extent,  probably  inconsiderable, 
in  the  Rocky  Mountain  Region. 

1.  New  England  Basin. — This  is  in  Massachusetts  and  Rhode 
Island,  estimated  to  cover  750  square  miles.  The  coal  is  a  plum- 
baginous anthracite,  used  to  advantage  in  some  smelting  furnaces. 
Perhaps  eleven  beds  exist,  best  seen  in  Portsmouth,  R.I.  Their 
maximum  thickness  is  23  ft.  The  Coal  Measures  are  about  2,500 
feet  thick.' 

2.  Pennsylvania  Anthracite,  —  This  is  the  most  important  coal 
district  in  the  United  States.  Including  the  Broad  Top  semi-anthra- 
cite, of  24  square  mil^s,  the  five  separate  basins  amount  to  434 
square  miles.  The  Measures  are  from  2,000  to  3,000  feet  thick. 
The  number  of  distinct  beds  varies  from  two  to  twenty-five,  ac- 
cording to  the  depth  of  the  basin.  The  maximum  thickness  at 
Pottsville  is  207  feet,  while  the  average  cannot  be  far  from  70  feet* 

3.  Appalachian  Basin, — This  occupies  an  area  of  63,475  square 
miles,  extending  from  Pennsylvania  to  Alabama,  all  of  bituminous 
coal. 

^  Geol.  Mao.,  Vol.  IX.,  p.  236.    Said  to  be  100,528  Bmtare  miles. 
'  Geology  of  Itland  of  Aquidneok,  by  0.  H.  Hitchcock.    Ptoo.  Am«c.  Kn,  k^*^ . 
Set,  1S60. 
*  Qeologj  of  PeuBBylvtmiM,  by  JJ.  P.  Bo^rs. 
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In  PennsylTania  the  area  amonnts  to  12,222  Bqaare  mileft,  with  an 
aTerage  thickness  of  40  feet  of  coal.  The  aggregate  thickness  of 
the  Measures  varies  from  825  to  2,535  feet.' 

In  Maryland  the  area  is  550  square  miles,  in  three  separate  basins. 
The  strata  are  1,500  feet  thick.  There  are  thirty-two  beds  of  coal, 
one  of  fourteen  feet,  three  of  six  feet  each,  and  the  others  from  one 
to  five  feet.* 

In  West  Virginia  (with  a  little  in  Virginia)  the  coal  area  occupies 
16,000  square  miles.  On  the  Kanawha  River  the  strata  are  1,250 
feet  thick,  with  twenty-four  beds  of  coal,  of  which  eleven  have  an 
aggregate  thickness  of  51  feet  The  coals  are  beat  developed  along 
this  river.' 

In  Ohio  Dr.  J.  S.  Newberry  mentions  that  the  area  is  greater  than 
10,000  square  miles,  with  a  thickness  of  1,500  feet  of  sediment^  and 
ten  workable  beds  of  coal. 

In  Eastern  Kentucky  the  area  is  stated  to  be  10,000  square 
miles.' 

In  Tennessee  the  area  of  the  Measures  is  5,100  square  miles.  A 
characteristic  section  gives  a  thickness  of  578  feet  There  are  seven 
beds  of  coal,  with  a  total  thickness  of  14  feet  The  beds  vary 
locally  in  their  dimensions,  more  than  has  been  reported  elsewhere ; 
perhaps  because  more  carefully  explored.*  The  conviction  is  in- 
creasing  among  American  geologists  that  coal  beds  are  not  evenly 
persistent  on  large  areas,  and  constantly  vary  in  thickness. 

In  Qeorgia  the  area  cannot  be  more  than  170  square  miles. 

In  Alabama,  a  hasty  measurement  of  a  map  furnished  in  manu- 
script by  Professor  Safford  rudicates  an  area  of  9,000  square  miles. 
The  general  character  of  the  Measures  must  be  like  those  of  Ten- 
nessee. 

4.  The  Michigan  Basin, — ^The  area  is  about  6,700  square  miles, 
with  123  feet  thickness  of  Measures,  and  eleven  feet  (maximum)  of 
coal.  In  the  centre  the  coal  is  thickest,  thinning  out  to  a  mere  line 
around  the  edges.^ 

5.  The  Illinois  Basin. — This  occupies  an  area  of  51,700  square 
miles,  including  Illinois,  Indiana,  and  Western  Kentucky. 

In  Illinois  the  Measures  occupy  an  area  of  41,500  square  miles, 
are  from  600  to  2,500  feet  thick,  and  contain  ten  beds  of  ooal,  with 
an  aggregate  thickness  of  35  feet* 

In  Indiana  the  Measures  occupy  an  area  of  6,500  square  mUes,  are 
650  feet  thick,  and  contain  thiiteen  beds  of  coal,  with  an  aggr^;ate 
thickness  of  31  feet' 

In  Western  Kentucky'  the  Measures  are  612  feet  thick,  includiug 
the  Millstone-grit     They  contain  eleven  beds  of  coal. 

6.  The  Missouri  Basin. — ^This  is  the  largest  of  all  the  areas,  oom- 

1  Geology  of  PennsylTania,  by  H.  P.  Rogers. 

'  First  Keport  upon  the  Geolog:^  of  Maryland,  by  P.  T.  Tyion. 

*  Report  to  Chesapeake  and  Ohio  R.R.,  by  T.  S.  Ridgway. 

*  Geology  of  Tennessee,  by  James  M.  Safford. 

*  Geology  of  Michigan,  1861,  by  A.  Wmchell. 

'  F/ns]  Report  on  tSe  Geology  of  Illinois,  by  A.  H.  Worthen. 
^  Second  ligpori  on  the  Geology  of  Indiana,  \>7  'L.  t .  ^^x. 
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>riBing  more  than  100,000  square  miles.  It  is/ateo  readhed  by 
everal  nayigable  rivers.  It  extends  from  Iowa  to  ^Texas.  It  is 
eparated  from  the  Texas  field  only  by  Cretaceous  beds,  which 
probably  overlie  coal  beds  continuous  from  otie  basin  to  tho*  other. 

In  lowa,^  Professor  White's  late  map  shows  an  area;  of  about 
15,000  square  miles  of  Coal  Measures.  He  has  divided  fhe 'group 
nto  three  divisions,  each  about  200  feet  The  two  lower  ones  o^m- 
ain  the  workable  coal,  which  amounts  to  eight  feet  in  the  8€tbond» 
md  only  twenty  inches  in  the  upper  division.  As  the  roWer 
livisions  everywhere  pass  under  the  higher,  the  whole  area  may  ImI 
-egarded  as  productive. 

Nebraska  contains  3,600  square  miles  of  the  Upper  Coal  Measures, 
iccording  to  map  in  Final  Report  upon  the  Geology  of  Nebraska,  by 
F.  V.  Hayden. 

In  Missouri  (private  communication)  Professor  G.  C.  Swallow 
estimates  the  coal  area  at  27,000  square  miles,  and  in  Kansas  at 
17,000  square  miles.  The  Measures  are  2,000  feet  thick,  carrying 
;wenty  coal  beds,  from  a  few  inches  to  six  feet  thick. 

In  Arkansas,  Dr.  D.  D.  Owen^  describes  two  coal  beds,  the 
bickest  five  feet  thick,  and  very  valuable.  The  area  is  stated  to  be 
L2,000  square  miles.  This  coal,  however,  underlies  the  conglome- 
:ute,  and  does  not  belong  to  the  true  Coal  Measures. 

Scarcely  anything  is  known  of  the  coal  in  Indian  territory, 
^rom  the  map,  the  area  must  be  as  great  as  that  of  Arkansas.  I  am 
issured  by  the  officers  of  the  Missouri,  Kansas,  and  Texas  Railway, 
;hat  they  find  good  beds  of  coal  all  through  the  territory  near  their 
line  of  travel. 

7.  The  Texas  Basin. — This  is  barely  separable  from  the  preceding. 
Dt.  B.  F.  Shumard'  estimated  the  coal  area  at  5000  square  miles.  A. 
B.  Boessler^  estimates  the  same  at  6000  square  miles.  Beds  of  good 
)oal  are  reported  at  Fort  Bilknop,  four  feet  in  thickness. 

8.  Mr.  G.  K.  Gilbert,*  of  the  expedition  under  the  immediate 
lirection  of  Lieut  George  M.  Wheeler,  reports  coal  near  Camp 
Apache,  in  Arizona.  Carboniferous  strata  are  known  in  many  places 
n  the  mountainous  territories,  and  valuable  discoveries  of  coal  may 
je  looked  for  among  them  at  no  distant  day. 

The  total  coal  area  as  thus  described  amounts  to  230,659  square 
niles.  No  notice  is  taken  of  any  coals  which  do  not  belong  to  the 
Carboniferous  system.  There  are  many  others  of  commercial  im- 
portance, as  the  Triassic  of  Virginia,  the  Cretaceous  of  the  Terri- 
x)ries  west  of  the  Missouri  River,  an  immense  amount  in  California, 
yaska,  etc. 

These  facts  will  afford  data  for  those  who  are  interested  in  esti- 
nating  the  amount  of  coal  in  different  oountries  by  the  number  of 
5ubic  miles  or  tons.  The  statements  are  too  brief  to  permit  any 
lotice  of  the  best  or  of  the  inferior  coal. 

*  Geology  of  Iowa,  by  C.  A.  WMte. 

'  Second  Report,  Geology  of  Arkansas,  by  D.  D.  Owen. 

>  Texag  Almanac  for  1861.  *  Ditto,  for  1872.  *  Official  Report. 
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By  G.  A.  LxBOTTB,  F.G.8^ 

^  \    '.  of  the  Geological  Surrey. 

N  tby  J^ecember  Number  of  tbe  Geoloqioal  Maoazihs  there  is  an 
ai)8ti:^t  of  a  most  interesting  paper  published  in  the  "  Jabrbnch 
fiir  Minefalogie,"  etc.,  of  Leonhard  and  Geinitz,  by  C.  W.  C.  Fucha, 
entitled,  ''The  Geological,  Microscopical,  and  Chemical  Examina- 
tion Qti  the  old  Sedimentary  Formations  in  the  French  Pyrenees,  wiUi 
^  '.especial  reference  to  the  Metamorphosis  of  these  and  other  old 
.//Bocks."    In  this  paper  attention  is  called  to  the  manner  in  which 
.  .    ''the  degree  of  metamorphism  of  day-schists  and  other  rocks  is  some- 
.  **.  *  *  times  indicated  by  the  formation  and  gradual  development  of  certain 
-■•/.'     minerals,  Andalusite  and  Chiastolite  being  those  specially  mentioned. 
-.    •  Quoting  from  the  abstract  given  (Geol.  Maq.,  VoL  IX.  p.  562), 

conclusions  Nos.  4  and  5  arrived  at  by  Fuchs  stand  thus :  "  4.  This 
[metamorphism]  commences  with  the  separation  of  small  nodules 
m  the  clay-schist,  which  gradually  [t.e.  as  we  approach  some  adjacent 
granite]  increase  in  number  and  size,  and  at  last  become  Andalusite 
and  Chiastolite.  During  the  development  of  these  minerals,  the  rest 
of  the  rock  changes  bit  by  bit  into  a  confused  mass  of  mica  and 
quartz,  with  some  felspar.  5.  Lastly,  real  mica-schist  and  gneiss 
are  produced." 

Without  entering  into  the  purely  chemical  portion  of  this  subjecti 
with  which  I  could  not  attempt  to  deal,  I  diink  it  may  be  worth 
while  to  place  on  record  a  few  facts  which  have  for  some  years  been 
known  to  me,  and  which  appear  to  bear  out  in  a  striking  manner  the 
views  just  adverted  to. 

In  the  Departments  of  Finist^re  and  Morbihan  it  is  well  known  to 
tourists  that  on  certain  Pardon  days,  in  some  parishes,  a  brisk  trade 
is  driven  by  retailers  of  religious  ornaments  in  cruciform  black 
stones,  variously  known  as  "Pierres  de  croix"  or  "Pierres  de 
Coadry."  These  are  simply  good  specimens  of  twin  crystals  of 
Staurolite,  but  the  cross-merchants  preserve  a  judicious  silence  as  to 
the  localities  whence  they  procure  them.  All  that  one  can  usually 
amve  at  on  the  subject  is  that  they  come  from  somewhere  near  Coadry 
in  Finist^re,  or  near  Lhomin^  in  Morbihan.  In  1868,  not  being 
satisfied  with  this  scanty  information,  I  made  a  minute  and  successful 
search  for  the  cross-stones  in  both  places.  The  results  were  the 
same  in  each  case,  and  were  as  follows,  taking  the  Coadry  locality 
only,  the  description  being  equally  applicable,  for  the  purpose  in  hand, 
to  it  and  to  Lhomine. 

The  geology  of  the  part  of  Western  Brittany  in  which  the  little 
hamlet  of  Coadry  is  situated,  namely,  some  eight  or  nine  miles  due 
north  of  Bannalec,  between  Eosporden  and  Quimperle,  consists  chiefly 
of  broad  tracts  of  clay-  and  mica-schists  abutting  against  equally  large 
areas  of  granite,  which  granite,  as  I  showed  in  a  paper  read  at  the 
British  Association  Meeting  at  Exeter,^  occasionally  passes  quite 
gradually  and  imperceptibly  into  gneiss.     The  latter  rock  is,  how- 

• 

^  ^  Notes  on  some  Granites  in  Western  Brittany. 
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eror,  not  seen  at  this  partictilar  spot.  In  the  immediate  neigh- 
bourhood of  Coadrj  the  junction  between  the  mica-schist  gronp  and 
the  granitio  mass  is  well  seen  and  easily  followed.  It  is  shown 
tolerably  correctly  in  the  "Oarte  Qeologique  du  Finist^re." 

At  and  near  this  junction  the  rook  is  trae  mica-schist,  of  a  dark 
greenish-grey  colour,  with  spangles  of  mica  of  large  size.  In  these 
beds  none  but  a  few  very  small  specimens  of  Staurolite  were  met 
with,  but  these  were  all  beautifully  perfect,  double,  and  crossed  at 
right-angles.  A  little  further  from  the  junction  the  crystals  (still 
perfect  and  crossed  at  right-angles)  are  to  be  found  in  great 
abundance  and  of  large  size,  some  as  much  as  2  in.  x  2  in.,  studding 
the  rook  (which  is  here  less  micaceous  and  more  quartzose)  by 
hundreds.  A  stream  cuts  through  this  portion  of  the  series,  and  its 
bed  is  naturally  full  of  those  large  twin  crystals,  which  are  very 
easily  detached  from  their  parent  rock,  and  it  is  evidently  here  that 
the  "  Pierres  de  croix "  are  found.  The  band  in  which  these  fine 
specimens  abound  is  about  thirty  or  forty  yards  in  breadth,  and  ne€ur 
its  inner  margin  (that  furthest  from  the  granite)  there  is  a  large  pro- 
portion of  crystals,  crossed  in  the  manner  of  a  Si  Andrew's  cross. 
Beyond  this  band,  in  a  very  similar  rock,  but  of  a  rather  lighter 
colour  and  more  friable,  the  number  of  crystals  of  the  latter  kind  is 
much  smaller,  and  with  few  exceptions  the  majority  of  the  others, 
although  crossed  at  right-angles,  are  formed  of  unequal  prisms,  one 
of  them  being  in  length  smaller  than  the  width  of  the  other.  This 
is  also  the  case  with  the  diagonally-crossed  crystals,  though  more 
rarely.  This  last  band  of  rock  is  about  twice  the  breadth  of  the 
preceding  one,  and  is  succeeded  by  a  large  area  of  less  micaceous 
clayey  schists  of  a  light  yellow  colour,  sometimes  hard  enough  to  be 
used  for  building  purposes,  sometimes  crumbling  like  earth  in  the 
hand.  As  we  enter  this  region,  the  double  crystals  become  rarer  and 
rarer,  and  soon  die  out  altogether,  giving  place  to  single  prisms  of 
all  sizes,  some  reaching  a  length  of  from  three  to  four  inches.  These 
single  crystals  are  much  softer  than  the  double  ones,  and,  when  found 
in  the  more  earthy  parts  of  the  schists,  seem  to  form  the  nuclei  of 
clayey  concretions,  distinguishable  chiefly  by  their  colour,  which  is 
of  a  darker  tint  than  the  rest  of  the  rock.  I  was  not  able  to  ascer- 
tain where  this  "  single  crystal "  zone  ends,  either  in  the  Coadry 
district  or  at  Lhomine,  but  about  a  mile  from  the  junction  with  the 
granite  no  traces  of  Staurolite  ever  repaid  my  search,  although,  in 
several  instances,  brownish  clayey  nodular-looking  patches  were 
seen  very  similar  to  those  just  mentioned.^ 

Without  attaching  any  undue  importance  to  the  facts  I  have  just 
described,  the  connexion  between  them  and  those  brought  forward 
by  Fuchs  appears  to  be  sufficiently  obvious.  The  gradual  indica- 
tions of  metamorphism  which  he  observed  in  the  Pyrenees  to  be 
accompanied  by  the  formation  of  Andalusite  and  Chiastolite,  are 
apparently  repeated  to  some  extent  in  Brittany,  with  the  substitution 
of  a  mineral  nearly  allied  to  the  two  last-named  ones  in  chemical 

^  All  the  specimens  are  when  found  in  nth  of  a  light  rusty-brown  colour,  the  black 
colour  of  those  bought  at  fairs  being  due  to  polishing  with  oil. 
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composition,  and  with  the  addition  of  the  pby»ical  details  fnmiBlied 
by  the  peculiar  changes  in  its  mode  of  ciystallization  exhibited  by 
Staorolite.  Whether  we  have  in  either  case  the  means  of  measuring, 
even  to  a  certain  extent,  the  amount  of  alteration  undergone  by  the 
parent  rock,  it  would  be  rash  to  say ;  but  the  facts  given  axe  sug- 
gestive, and  seem  to  tend  that  way. 

I  may,  before  leaving  the  subject^  remind  readers  of  the  Geoiaoical 
Magazine,  that  Staurolite  has  never  been  found  out  of  strongly 
metamorphic  rocks,  nor  has  it  ever,  I  believe,  been  found,  as  Anda- 
lusite  has  been  said  to  be,  in  granite.  I  give  below  two  analyses  of 
Staurolite  from  Brittany,  by  Jacobson,  which  I  have  borrowed  from 
those  given  in  Phillips's  Mineralogy  (1852  edition,  p.  288).^ 

ANALYSES. 


a. 

b. 

Silica 

...  3919 

40-86 

AlaminA       

...  44-87 

44-22 

Red  oxide  of  iron 

...  16-09 

16-77 

Ox.  mangan. 

...    0-17 
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Magneda      

...    0-32 
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Y. — On  some  supposed  Fossil  Bemains  of  AMACHNtDAif)  abd 
Mtbiopoda  fbom  thx  English  Coal-measubes. 

fiy  HSMRT  WOODWABD,  F.G.S.,  F.Z.S., 
Of  the  BritiBh  Museum. 

IN  the  fourth  part  of  my  Monograph  on  the  Mebostoxata,  pub- 
lished in  last  year's  volume  of  the  Palseontographical  Society's 
annual  issue,'  I  drew  attention  to  two  very  singular  fossil  remains 
which  had  been  somewhat  doubtfully  referred  by  Mr.  J.  W.  Salter  to 
the  genus  Eurypterus,  A  portion,  at  least,  of  the  remains  referred  by 
him  to  Eurypterus  f  mammatua  are  really  plant-remains  (as  shown 
by  Mr.  Carruthers,  op.  cit.,  p.  168),  whilst  the  remainder  must,  for 
the  present,  be  classed  with  M.  Jordan's  Arthropleura  armaia,  from 
the  Coal-measures  of  Saarbruck,  Bhenish  Prussia,  a  very  anomalous 
Crustacean  (if  it  be  a  Cnistacean  at  all,  which  I  greatly  doubt),  but 
which  is  certainly  not  a  Eurypterus, 

With  reference  to  Eurypterus  feroxt  I  think  (upon  comparison)  it 
may  with  propriety  be  referred  to  the  Mtbiopoda  under  Messrs. 
Meek  and  Worthen's  genus  Euphoheria, 

Species  1. — "Eurypterus?  mammatus"  Salter;  H.  Woodward, 
Pal.  Soc.  Mon.  1872,  part  iv.,  p.  163,  pi.  xxiv.,  figs.  2-6. 

Eurypterus  {Arthropleura  /)  mammatus^  Salter,  1863.  Quart  Joum.  6eol.  Soc, 
vol.  lix.,  p.  84,  figs.  1-7. 

This  species  was  determined  by  Mr.  J.  W.  Salter  in  1863,  from 
fragments  referred  by  him  **  to  the  head  (see  Woodcut,  Figs.  1,  2, 
and  3),  to  the  lateral  portions  of  the  body-segments,  and  parts 
nearer  to  the  tail  (Woodcut,  Figs,  4,  5,  6,  and  7) ;  but  of  the  central 
surface  of  the  carapace,  of  the  eyes,  or  of  the  appendages,  nothing 
is  known." 

The  first  fragment  was  discovered  by  Mr.  Gibbs,  the  intelligent 

*  The  locality  "Quimper"  giTen  for    Staurolite  in  this  work  is  undoabtedlj 
erroneouf,  '  p.  163. 
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ooUeotor  of  the  Oeologioal  Surrey,  in  splitting  up  the  shales  at  the 
mine-top,  Pendleton  Colliery,  Mttnohester.  Other  speoitnens  were 
afterwards  obtained  by  MeBBrs.  Gibbe  and  Bhind,  who  ascertained  the 
exact  bed  from  which  these  remains  were  derived,  and  which  proved 
to  be  the  "Ferny  Metal,"  under  the  "Big  Coal"  or  "Ram's  Mine." 


F108.  l-l.—Eumplerui  [Arlhroplewa  ))  mammalua.  Sailer. 

Fia.  S.—Arlhrepleura  {Eupheicria  ?)  feroz,  Salter. 
(From  the  Quart.  Joum.  Geol.  Soc,,  1863,  toI.  n'a.,  p.  84.) 

The  planta  occurring  in  this  bed,  noticed  by  Mr.  Salter,  are : — 
Lepidodendron  obovatum,  St«rnb. ;  L.  Slernbergii,  Brong. ;  L.  elegan$, 
Brong.;  Heuropteris  Loshii,  Lindl. ;  N.  heUrophi/Ua,  Stemb. ;  N. 
gigaidea,  Stemb.;  Cgclopleris  fiabellata,  Brong.;  Spheruypteru  oblmi- 
toba,  Brong. ;  Sp.  lati/olia,  Brong.,  and  some  otYicrs. 


106      Hmry  W<H)dward—On  BriiUk  IbssU  Artiropod^^ 

The  bed  lies  rather  high  in  the  "  middle  Ooal  series." 

The  Bpeoimens  figured  in  the  accompanying  Woodoat,  Figs.  1  and 
2,  are  considered  bj  Mr.  Salter  to  be  the  lateral  portions  of  the 
head-shield,  which  he  thinks  must  have  been  at  least  8  or  9  inches 
across.  It  shows  a  strongly  arched  border  running  out  into  a  short 
acuminate  broad  spine,  into  which  a  strongly  curved  sharpish  ridge 
runs  from  about  the  upper  central  portion.  The  space  outside  and 
above  the  ridge  is  flat»  and  is  ornamented  with  small  rounded 
tubercles  scattered  irregularly  over  its  surface;  below  the  ridge 
there  are  fewer  tubercles,  but  near  the  hinder  border  there  are  two 
(and  part  of  a  third)  large  mammillated  tubercular  spines  ranged 
about  equidistant  from  one  another ;  they  are  directed  backwards, 
and  are  fully  a  third  of  an  inch  in  length,  and  as  much  in  diameter 
at  the  swollen  base. 

Another  fragment  (Woodcut,  Fig.  8),  also  referred  by  Mr.  Salter 
to  the  head,  shows  large  and  small  tubercles  upon  its  sur&oe. 

Mr.  Salter  speaks  of  **  at  least  six,  and  probably  more,  of  the  large 
mammillated  tubercular  spines  along  the  hinder  border  "  (of  Figs.  1 
and  2).  The  explanation  of  this  is  to  be  found  by  referring  to  the 
accompanying  woodcut  illustrating  Mr.  Salter's  paper,  which  by 
the  kindness  of  the  Council  of  the  Geological  Society  we  are  able 
to  reproduce  here  (see  Quart.  Joura.  Geol.  Soc.,  voL  xix.,  p.  86) 
when  it  will  be  seen  that  this  specimen  (Fig.  2)  has  been  drawn 
twice  over  (once  reversed,  and  once  in  its  natural  position),  so  as  to 
give  the  effect  of  a  crescent-shaped  shield.  But  only  the  piece 
represented  as  Fig.  2^  exists,  and  after  careful  comparison  I  am 
quite  unable  to  refer  it  to  the  head-shield  of  any  known  Crustacean. 

Heferring  to  the  above  woodcut,  Mr.  Salter  observes,  "Although  I 
have  supposed  Figs.  1  and  2  to  belong  to  tlie  head,  I  have  really  little 
else  to  recommend  this  view  than  the  great  comparative  size  and 
breadth,  and  the  general  form,  which  is  like  that  of  the  hinder  an^es 
of  the  head  of  the  Scotch  EurypterusJ*  * 

Mr.  Salter  then  proceeds  to  contrast  his  Euryptervs  mammatus  with 
the  Arthropleura  armata  of  Jordan,  a  species  founded  upon  the 
fragments  of  a  large  Crustacean  (?)  from  the  Coal-measures  of 
Saarbruck,  Bhenish  Prussia. 

If  the  subjoined  woodcut  (Fig.  9,  B)  of  Arthropleura  armata  be 
compared  with  Woodcut  Fig.  1,  a  somewhat  similar  piece  (marked  p), 
having  a  corresponding  raised  border  and  similar  arrangement  of 
tubercles,  will  be  seen,  suggesting  that  this  pointed  portion  (Fig.  1) 
may  more  likely  be  the  pleuron  of  a  trilobed  segment.  This  inter- 
pretation, although  rejected  by  Mr.  Salter,  seems  to  me,  on  many 

^  It  is  quite  apparent,  however,  from  Mr.  Salter's  description,  that  he  was  under 
the  impression  that  two  specimens  existed  in  reality  as  well  as  in  his  figure.  I  have 
therefore  specially  noticed  this,  lest  hereafler  it  should  he  supposed  that  one  of  these 
curious  fragments  had  really  hecn  lost. 

*  If  hy  the  Scotch  £urypteru8  Mr.  Salter  refers  to  £.  Scouleri,  a  comptrison 
between  the  fragment  of  E,  niamntatus  and  the  entire  head  of  £.  SeotUeri  will  satisfy 
any  paleontologist  that  such  a  hinder  angle  could  not  possibly  be  fitted  to  the  carapace 
of  the  latter ;  the  curvature  and  ornamentation  beinj^  both  incongruous.  No  othar 
fcrm  with  which  we  are  acquainted  could  have  required  so  lai^ge  an  epimenl  ^aM 
SBTB  the  gre^t  BeTonian  Stylonurus  Scoiicut, 


Etary  WMJinrd    Om  BritiaA  FbatU  Jrtkropoda, 


107 


■oooimtih  mon  probaUe  than  tlie  ftlteniative  one  whidt  Ii»  haa 
adopted,  namdy,  that  of  nippoMiiig  it  to  be  the  poiterior  Angle  oE 
tiie  lie>d-ilu«ld  of  .£WypfarK«,vttkwhioli  indeed  it  seemi  ezoeediD^j 
diffionlt,  if  not  impowible,  to  aaaooiate  it 


Fib.  9,  Amd  ^.—Arthnplfuragirmala.JoTitia.   C<Mil-ineMUiea,Baai\iTOtVtoitn\fti. 
PrtiMu.    Copied  &Dia  PaJwonUgnphict,  1866,  bkiid  it,,  taM,  &gi.  \  m&b. 
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Assuming  it  to  be,  like  Jordan's  Arthroplmra  ainnata^  part  of  the 
body-segment  of  some  large  palseozoio  Crustacean  (such  as  SiyUmwuM 
Scotieus,^  or  that  singular  form  named  by  me  PrcBardunu  gigat,  from 
the  Old  Red  Sandstone  of  Herefordshire),*  it  seems  almost  oertain 
that  this  fragment  has  no  affinity  whatever  with  Eurypterus. 

With  regard  to  the  remaining  fragments  referred  by  Mr.  Salter  to 
EurypteruB  mammattLa  (see  Woodcut,  Figs.  4,  5,  6,  and  7),  I  am  in  no 
little  difficulty  ;  for  here  again  Mr.  Salter's  description  is  borne  out 
by  his  woodcut  figures,  but  not  by  the  specimens  themselves. 

For  instance,  he  speaks  of  the  peculiar  "  tear-drop  "  ornamenta- 
tion along  the  hinder  margin  of  the  segments,  such  as  is  seen  in 
some  fragments  from  the  Devonian  of  Eiltorcan,  Ireland,  truly 
referred  to  Eurypterus.  But  in  Figs  4,  5,  6,  and  7,  these  are  really 
cracks  in  the  tissue,  as  correctly  represented  in  the  plate  by  Mr. 
Griesbach,  which  accompanies  my  Monograph,  and  not  raised  tuber- 
cular ornamentations  thereon,  as  seen  in  the  annexed  woodcut  (Figs. 
4,  6,  and  7).     Mr.  Salter  himself  says  : 

"  The  remaining  pieces  are  evidently  parts  of  a  great  Crustacean, 
and  almost  certainly  belong  to  this  one,  for  they  have  the  same 
ornaments  on  the  hinder  edge ;  but  they  differ  remarkably  by  having 
a  curious  set  of  short,  wavy,  interrupted  ridges  (or  furrows,  it  is 
impossible  to  say  which)  lying  transversely  to  the  length,  and  which 
are  equally  distributed  over  the  whole  segment.  They  are  not  all 
of  the  same  size,  small  rounded  ridges  being  mixed  with  those  of 
a  more  linear  shape." 

I  carefully  studied  these  fragments,  and  also  submitted  them  to 
the  examination  of  my  colleague,  Mr.  William  Carruthers,  F.B.S., 
who  has  devoted  himself  specially  to  the  study  of  fossil  plant- 
remains,  hoping  that  he  would  accept  them  as  parts  of  some  plants 
like  Calamitea  or  Knorrta ;  but  for  some  time  he  was  unable  to  do 
so.  I  was  therefore  obliged  to  treat  them  as  animal,  and  probably 
Crustacean,  although  I  could  not  compare  them  (like  Figs.  2  and  3) 
with  any  other  form  belonging  to  the  order ;  for  the  scale-like  orna- 
mentation so  characteristic  of  Pterygotua  and  Eurypterua  is  altogether 
wanting,  nor  could  I  detect  any  evidence  of  spines  such  as  are 
preserved  on  Fig.  2. 

Fortunately  at  this  juncture  a  portion  of  an  undoubted  plant- 
stem  from  the  Ironstone  of  the  English  Coal-measures,  which  Mr. 
Carruthers  had  laid  aside  for  examination,  turned  up,  and  furnishes 
evidence  of  markings  identical  with  those  exhibited  on  Figs.  4,  6,  6, 
and  7,  so  that  there  is  no  longer  any  reason  to  doubt  their  vegetable 
origin.  Mr.  Carruthers  has  very  kindly  drawn  up  an  account  of 
these  remains,  which  accompanies  my  Monograph,  so  that  they  may 
now  be  considered  as  disposed  of  in  a  satisfactory  manner.' 

*  See  Pal.  Soc.  Mon.  Merostomata,  part  iv.,  and  pi.  xzii.  and  xxiii. 

3  Trans.  Woolhope  Naturalists'  Field  Club,  1870,  p.  266.  *  Fossil  SketehM,' 
No.  9,  ligs.  1  and  2,  and  No.  10. 

3  This  account,  together  with  some  further  observations,  which  Mr.  Carratbert  his 
kindly  promised  to  furnish,  will  appear  in  the  April  Number  of  the  Obolooical 
JdwioiziNB.— £dit.  Geol.  Mao. 
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The  remaining  specimens  (Woodcut  Figs.  2  and  3)  have  been  re- 
tained to  represent  Salter's  species,  which  is  referred  provisionally  ta 
M.  Jordan's  genns  as  Arthropleura  mammata,  Salter,  sp.,  about  the 
affinities  of  which  we  cannot,  however,  at  present  speculate  with 
mnch  certainty,  although  there  are  grounds  for  believing  that 
Arikrapleura  may  eventually  prove  to  be  a  part  of  a  giant  Arachnide  I 

In  Uie  mean  time  it  is  interesting  to  record  the  discovery,  by  W. 
0.  M'Murtrie,  Esq.,  of  Camerton,  of  three  tuberculated  epimeral 
pieces,  so  exactly  resembling  that  marked  p  in  the  accompanying 
woodcut,  Fig.  9  B,  that  except  for  the  variation  in  the  wart-like 
tubercles,  two  of  them  might  at  once  be  mistaken  for  M.  Jordan's 
type.  There  is  the  same  deep  groove  in  each,  the  same  falcate 
border,  the  same  admixture  of  large  and  small  tubercles,  upon  the 
surflBtoe  of  each,  occupying  relatively  the  same  positions. 

The  third  specimen  is  more  waved  along  its  anterior  curved 
border,  and  the  hinder  border  is  straighter  than  in  Jordan's  figure. 
They  were  obtained  by  Mr.  M'Murtrie  from  the  roof-shale  of  "  Top- 
Litue-Yein,"  Camerton  Collieries,  and,  like  the  Manchester  specimens, 
are  from  Plant-shale,  and  are  associated  with  remains  of  Neuropterts, 
PecopteriSf  etc.  Now  that  its  occurrence  has  been  noted  from  two 
English  localities,  wide  apart,  we  may  hope  for  further  specimens  to 
tnm  up,  throwing  more  light  on  this  curious  Carboniferous  Arthropod. 

Species  2. — "Eurypterus?  {Euphoberia)  ferox,  Salter;  H.  Wood- 
ward, Pal.  Soc.  Mon.,  1872,  part  iv.  p.  171. 

Suiypterua  f  {Arthropleura)  ferox,^  Salter,  1863.  Quart  Joum.  Geol.  Soo.,  toI. 
zix.,  p.  86,  woodcut  fig.  8. 

IvsBCTA,  Caterpillar  ?  J.  0.  Westwood,  iu  Brodie*s  Fossil  Insects  in  the  Secondary 
Bocks  of  Ihigland,  1845,  p.  xvii.,  p.  115,  pi.  i.,  fig.  11. 

Accompanying  Mr. Salter's  deBcri]^tiono{  Eurypteru8(Arthropleuraf) 
wunnmatua  *  is  a  notice  of  another  form  named  by  him  Eurypterus 
{Arthropleura)  ferox.  The  specimen  described  forms  Fig.  8  of  the 
woodcut  reproduced  on  p.  105  from  Mr.  Salter's  paper,  and  was 
obtained  by  Mr.  Charles  Ketley  (of  Smethwick)  from  the  Clay  Iron- 
stone nodules  in  the  shale  over  the  "  thick  coal "  of  the  Coal-measures, 
Tipton,  Staffordshire,  associated  with  abundance  of  fossil  plants. 

Mr.  Salter  observes,  "  At  first  sight  it  would  strike  an  entomolo- 
gist as  a  fossil  Caterpillar  of  the  genus  Saturma,  so  strong  is  its 
resemblance  in  size,  form,  and  ornament  to  the  larvsB  of  that  group. 
Unlike  most  Crustaceans  from  the  old  rocks,  it  is  extravagantly 
ornamented  with  long  forked  spines."  Such  spines  are  found  on  the 
carapace  of  Lithodea,  and  also  on  the  segments  of  the  abdomen  of  the 
"  Murray  River  Cray-fish,"  Potamobtua  aatacua. 

Mr.  Salter  considers  von  Meyer's  Arthropleura  armata  (already 
referred  to)  to  belong  to  Eurypterua  (see  Woodcut,  Figs.  1-7),  and 
thinks  it  possible  to  assign  both  his  E.  mammatua  and  E.  ferox  to 
the  same  group. 

In  a  "  History  of  Fossil  Insects  of  the  Secondary  Rocks  of  England," 
by  the  Eev.  P.  B.  Brodie,  M.A.,  F.Q.S.,  8vo.  published  in  1845,  some 

^  Quart.  Joum.  Geol.  Soc.,  ?ol.  xix.  p.  86,  and  woodcut  ftg.  B,  p.  ^\.    'Bwcr^xo^Mt^ 
in  this  Artiele  at  p.  106, 
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ipeoimena  are  figured  &om  the  collection  of  lihe  Bar.  T.  W.  Hope,' 
now  preserved  in  the  Oxford  Mnaeam. 

Among  others  ib  a  specimen  "  from  CoalbroolE  Dale,  whidt  lun 
▼eiy  much  the  appearance  of  some  large  Caterpillar,  fnmuhed  with 
rowB  of  tnberoleB,  to  which  §etn  or  briatles  were  attacdied,  as  in  die 
case  of  the  oaterpillar  of  our  common  English  Emperor  Moth 
(Safttmia  Pavouia  minor) :  nnfortonately  the  specimen  is  imperfect 
at  each  end,  and  therefore  it  ia  impossible  to  judge  of  the  append- 
ages of  the  head  or  toil.  It  will  bo  seen  that  there  appear  to  be 
distensions  of  the  membrane  connecting  sereral  of  the  segmonte  of 
the  body  together,  as  between  the  first  and  second,  second  and  third, 
Jbmrth  and  fifth  (on  the  right  band  side),  and  seventh  and  eighth 
(see  tlie  accompanying  Woodont^ 
Fig.  10).  Now  thie  could  not,  I 
think,  occur  to  so  visible  an  extant 
in  a  Lepidopterooa  larva,  because 
it  seems  to  intimate  that  the  broader 
parts  of  the  body  (or  the  tme 
segments)  are  of  a  firmer  texture 
than  the  oonoeoting  distendable 
membrane.  The  lateral  series  of 
long,  slender  and  evidenUy  artie*- 
laled  appendages  seem  also  to  throw 
a  doubt  on  the  Insect  being  a 
Lcpidoptorous  larva.  These  appen- 
dages' have  some  remote  analogy 
to  those  of  a  portion  of  the  aeg- 
ments  of  SquiBa,  but  this  is  only  in 
appearance,  and  not  a  real  relation- 
ship. The  dark  line  which  miu 
down  the  back  seems  qnite  analo- 
gous to  the  great  dorau  vessel  or 
-  ,       -      heart  of  the  Caterpillars."     (Inbro- 

leoticm,  Oiford,  fromtho  Co^-mM-  ductory  Ohservntions  by  J.  0.  West- 
inrei,  Cottlbrookdale.  [Copied  from  •  „  „j  -if  .  -p  t  o  ;„  ■d-.j.-^'. 
pUi«i.flg.n,of  Bro^e-.  Twoil  ^"O'^,  M.A.,  F. L. S.  la  Brodie 8 
inwcis.']  "  FoBSil  Inseote,    p.  18.) 

Among  the  numerous  interesting  remains  of  Arthropoda  from  tlie 
Coal-measures  of  Illinois,  figured  and  described  by  Messrs.  F.  B. 
Meek  and  A.  H.  Worthon,  in  the  "  Palteontology  of  Illinois,"  pub- 
lished in  vol.  iii.  of  the  puLlicaiions  of  the  Geological  Survey  of 
Illinois  (1868),  is  a  specimen  which  there  can  be  little  doubt  is 
identical  with  that  figured  and  described  by  Mr.  Salter  as  Euryplem 
ferox,  and  by  Mr.  Westwood  aa  the  "  larva  of  some  unknown 
insect."      (See  the  accompanying  Woodcut,  Fig,  11.) 

Messrs.  Meek  and  Worthen  provisionally  refer  their  specimen  to 
the  Myriopoda  and  to  their  genus  Euphoheria,  under  the  name  of 
Luphoberia  f  major,  M.  and  W. 

A  smaller  species  of  Euphoberia,  also  armed  with  forked  spines; 


Fio.  10. — ArthropUura  ferox,  Salter. 
Specimen  fignred  by  the  Rer.  P.  B. 
Brodie,  prcserred  io  the  Hope  Col- 
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named  S.  €arm{gtra  was  fmind  in  the  Coal-meaanreB  of  Gnmdy  County, 
Illinois,  and  ie  dewnibed  in  the  same  work  by  Messrs.  Meek  and 
Worthen.  A  specimen  equaUing  in  size  their  E,  armigera  was 
figured  and  described  by  the  writer  in  the  Oboiaoioal  MAGAZiitx, 
1871,  Vol.  Vni  PL  in.  Pig.  6,  p.  97.  from  the  Coal-measureB  near 
Gtlasgow,  nnder  the  name  of  E.  Jirowmi. 

Henrs.  Meek  and  Woiihen  write  as  follows  respecting  their 
■pedmen  of  Euphoberiaf  major  (see  Woodcut,  Fig,  11) : 

"  We  nnforttmately  yet  know  it  only  from  fragments,  oile  of  the 
beat  of  which  is  represented  by  the  annexed  out    If  ae  long  in  pro- 


Fia.  II. —  Supiettriaf  major,  fsomtbeCoaX-TaeasiiTem.  GrUDdj' Co..  Illinois,  U.S.A. 
[See  Kenn.  Meek  lad 'Worthen's  '  Palsontologj  of  Illinois.'  1868,  vol.  liL  p.  668. 
OnedoraKl  gpine  (i)  etill  Temainii  in  iifu,-  tha  nodes  (n)  oie  evidently  the  bues  of  ipinei. 
Several  pairs  of  tha  legs  aia  seen  below.] 

portion  as  the  other  species,  it  probably  attained  a  length  of  twelve 
to  fifteen  inches,  and  must  have  preseoted  a  formidable  appearance. 
The  node-like  prominences  marked  (n)  in  the  figure  are  evidently  the 
bases  of  spines  that  have  been  broken  away.  One  of  these,  however, 
is  seen  lying  in  the  matrixat  the  point  marked  (s).  Another  apecimen 
shows  a  direct  ^iew  of  the  dornal  side  compressed  flat.  In  this 
traces  of  two  rows  of  these  node-liko  prominences  are  seen  along  the 
middle,  while  a  row  of  spines  can  ba  seen  projecting  out  into  the 
matrix  on  eaoh  side.  This  latter  specimen  so  nearly  resembles  a 
fossil  figured  by  Mr.  Salter,  in  the  Quarterly  Journal  of  the 
Geological  Society  of  London,  vol.  lix.  p.  84,  fig.  8,  from  the  Staf- 
fordshire Coal-measures,  under  the  name  of  £tirj'jiierws  (ATthrophnra) 
ferox,  that  we  can  scarcely  entertain  a  doubt  that  they  are  congeneric. 
Indeed,  if  it  were  not  for  the  fact  that  the  species  ferox  has  its  spines 
provided  with  three  instead  of  two  prongs,  ive  would  even  suspect 
that  oar  specimens  might  possibly  belong  to  the  same  species. 

"  Mr.  Salter  thought  his  specimen  probably  a  part  of  the  central 
lobe  of  a  trilobate  Kurypterut  or  some  allied  genus,  an  opinion  he 
wonld  not  have  entertained  for  a  moment,  provided  we  are  right  in 
OUT  snggestion  respecting  its  relations  to  our  fossil,  if  he  l^  fiWTi  a. 
speoimeii  slurwin^  a  nde-view  of  even  a  few  o£  the  6egaL«D.\&  'wOCn 
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their  legs  attached.  At  any  rate  onr  foesil  is  oertainly  diatinot  £rom 
the  genus  Arthropleura  of  Jordan  and  von  Meyer,  which  is  almost 
beyond  doubt  a  Crustacean."  ^ 

After  carefully  examining  the  English  £.  ferox  of  Mr.  Salter,  and 
comparing  it  with  Messrs.  Meek  and  Worthen's  figure  and  descrip- 
tion, I  am  disposed  fully  to  agree  with  the  latter  writers,  and  to  refer 
it  to  the  Myriopoda  and  to  their  genus  JSuphoheria,  feeling  certain 
that  it  has  no  relation  whatever  with  Hurypterus. 

The  reasons  why  H.  ferox  should  no  longer  be  retained  with  the 
JSurypteridcB  may  briefly  be  stated :  1.  We  know  of  no  undoubted 
JEurypterus  with  body-segments  ornamented  with  spines  or  tubercles 
like  those  of  £.  ferox.  2.  The  segments,  when  seen  in  series,  are 
never  (in  Eurypierus)  of  a  uniform  size,  but  invariably  diminish,  as 
regards  their  breadth,  from  the  seventh  segment  towards  the  telson. 
"With  the  single  exception  of  Eurypierus  Scouleri  (a  most  aberrant 
form  of  the  Eurypterida),  all  the  members  have  the  segments  but 
very  slightly  arched,  and  (save  in  the  three  most  posterior  s^ments) 
always  much  broader  than  long. 

We  may  therefore  consider  Mr.  Salter's  Eurypterus  f  ferox  as 
excluded  from  the  genus  Eurypterus,  and  also  from  Jordan's  genus 
Arihropleuray  and  may  refer  it  with  considerable  confidence  to 
Messrs.  Meek  and  Worthen's  Myriopodous  genus  Euphoherioi, 

Formation, — Coal-measures  ;  Clay-ironstone.  Localities. — Coal- 
brookdale,  Shropshire;  Tipton,  Staffordshire.  Foreign  LocaUties. — 
Coal-measures,  Grundy  County,  Illinois,  U.S.  America.* 


VI. — ^NoTE  ON  A  Carboniferous  Speoibb  of  Obtonja. 

By  John  Young. 

THE  new  species  of  Fossil  Tubicolar  Annelides,  from  the  Lower 
Silurian  strata  of  America,  figured  and  described  by  Prof. 
H.  A.  Nicholson  in  the  October  and  February  Numbers  of  the 
Oeolooigal  Magazine,  has  tended  to  throw  light  upon  a  closely 
allied  form  found  in  the  Carboniferous  Limestone  strata  of  the  West 
of  Scotland.  This  species,  as  far  as  I  am  aware,  has  not  hitherto 
been  figured  or  described. 

Several  years  ago,  when  I  discovered  this  form,  I  was  struck  by 
its  general  resemblance  to  a  small  Tentaculites ;  but  as  my  specimens — 
which  are  well  preserved — showed  that  they  had  been  attached  to 
other  organisms,  chiefly  to  spines  of  ProdttctcBf  I  saw  that  it  could 
not  be  in  any  way  related  to  the  free  unattached  forms  referred  to 
that  genus.  I  therefore  retained  it  amongst  the  Serpula.  I  am  now, 
however,  satisfied  that,  if  not  identical,  it  at  least  is  very  closely 
related,  to  Prof.  Nicholson's  genus  Ortonia,  and  especially  to  his 
0.  minor,  described  and  figured  in  the  February  Number  of  the 
Geological  Magazine.  I  am  the  more  inclined  to  this  opinion,  as 
I  see  that  Prof.  Nicholson  does  not  now  make  the  cellular  stmoture, 

*  Op.  cit  p.  668. 

'  The  author  desires  to  record  his  thanks  to  the  Council  of  the  PaJsBonto^phieal 
Sodetj  for  f^nting  him  permission  to  use  the  woodcuts  which  illustrate  thia  pi^flr ; 
wA/eh  is,  to  s  lam  ezteot,  reprinted  from  bis  Memoir  on  the  Msroatomata  in  tXM 
ISZ2  rolume  of  that  Society's  publicationt. 
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which  is  obsexrad  in  0.  eoniVa,  a  point  of  generic  difltinotion,— *tliat 
Btiucture  being  wanting  in  both  O.  minor  and  the  Carboniferons 
form. 

This  species,  for  which  I  wonid  propose  the  name  Ortonia  ear* 
honaria^  may  be  briefly  described  as  follows. — ^Tube  circular,  coni- 
cal, calcareoos  in  structure,  solitary;  generally  found  attached  by 
their  whole  length  to  the  spines  of  Froducta,  straight,  or  slightly 
curved,  or  flezuous.  Ornamented  with  sharp  annulations  or  trans- 
Terse  ridges/  the  interspaces  being  rather  wider  than  the  ridges. 
Marked  longitudinally  with  microscopic  strisB.  Length  |-  to  i  inch  ; 
diameter  of  tube  at  mouth  ^  to  ^  inch;  35  annulations  in  ^  inch. 

This  species  I  have  found  to  be  somewhat  rare  when  searching 
onr  Limestone  shales  for  Foraminifera  and  Entomostraca.  It  occurs 
in  both  the  Lower  and  Upper  Limestone  series*  at  several  localities 
near  Glasgow ;  but  I  have  found  it  most  numerous  in  the  Lower 
Limestone  sliales  at  Brockley,  near  Lesmahagow.  The  great  majority 
of  the  specimens  are,  or  show  that  they  have  been,  attached  to  the 
slender  spines  of  Produeta,  sometimes  two  or  more  being  found 
upon  a  firagment  of  the  same  spine,  but  more  often  occurring  singly. 

The  enlarged  figure  of  Ortonia  minora  PI.  IV.,  Fig.  2a,  fiiirly 
represents  the  external  form  of  the  Carboniferous  species,  as  seen 
in  many  of  the  specimens,  and 'might  serve  for  an  illustration,  if 
we  excepted  the  more  minute  markings  which  distinguish  it  from 
the  Silurian  form. 


YIL — ^NOTXS   AND    QUEBIBS    OK    THE    CLASSIFICATION    AND    NOMEN- 

CLATTTBX  OF  THE  ENGLISH  StBATA. 
(Gommnnicated  by  W.  S.  M.) 

Ahbreviaiions. — ^A.  a. — ^Becognized  as  a  separate  formation  with  defi- 
nite limits,  by 
h, — In  the  year 
e, — ^Where  published 
d. — Under  the  name 
e. — Origin  of  name 
B. — Changes  on  previous  grouping  or  name 
C. — Subsequent  changes 

Chalk.     A.  (a)  William  Smith,    (b)    1799.  (c)  In  his  first  table. 
{d)    Chalk,   (e)  Adopted  general  name. 

B.  None. 

C.  In  1816  he  divided  it  into  Tipper  and  Lower. 

Con.  and  Phil,  m  1822  divided  into  "with  flints,"  "with 
few  flints,"  "  without  flints,"  and  recognized  the  underlying 
"Grey  Chalk,"  which  they  state  might  more  properly  be 
designated  "Chalk  Marie."  The  term  Chloritio  Marl  (a 
division  underlying  the   Chalk  Marl)  originated  in 

Uppxk  Orexnsand.  a.  (a)  Fitton.  (b)  1824.   (c)  An.  Phil.,  vol. 

viii.  p.  365.  (d)  Firestone,   (e)  Adopted  the  local  Isle  of 

Wight  name.  [Query— Only  L  of  W.?;\ 

VOL.  X.— jra  cr,  % 
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£(•  From  the  time  of  Smith's  maps  ^  of  England,  and  of  Web- 
ster's letters  to  Engloiield  (1816),  the  deposits  between  the 
Portland  beds  and  the  Chalk  were  regarded  as  naturally 
divided  thus: — 1.  Grecnsand;  2.  An  argillaceous  depout 
(Tetsworth  Clay  of  Greenough);  3.  Ironsand. 

Conybeare  and  Phillips  (1822)  followed  this  division,  giving 
No.  2  the  name  ** Weald  Clay"  which  had  been  so^eited 
by  P.  J.  Martin. 

In  mapping  they  grouped  the  "Chalk  Marie"  with  tha 
Grecnsand.  llieir  small  map,  based  on  a  reduction  of  tb 
Greenough  map,  published  three  years  earlier,  shows  thit 
while  in  some  districts  advance  had  been  made  in  reoognix* 
ing  the  distinctiveness  of  formations  which  Smith  had  QQi(- 
founded  together,  yet  that  in  other  districts  they  still  mistook 
Lower  Grecnsand  for  Uastings  sand,  Gait  for  Weald  Clsji 
and  even  Kimmeiidge  Clay  for  Weald  Clay.  The  first  wlJD 
pointed  out  the  existence  of  Upper  Grecnsand,  Gait,  aiid 
Lower  Grecnsand,  as  apart  and  quite  distinct  from  W^aU 
Clay  and  Hastings-sand,  was  Fitton,  in  a  paper  in  the  Aq* 
Phil.,  1824,  vol.  viii.,  "On  the  Beds  between  Chalk  and 
Purbeck."  [Sedgwick  had,  in  1822,  in  the  An.  Phil.,  poi^ted 
out  tliat  in  the  Cambridge  district  the  Grecnsand  above  the 
tenacious  Blue  Clay  which  rests  on  the  "  Ironsand "  is  not 
the  same  as  the  bods  ho  named  elsewhere,  i.e.  the  (Lowor) 
Grecnsand.]  He  shows  this  to  be  so  in  the  L  of  W.  and 
S.  E.  of  England,  and  gives  evidence  in  favour  of  the  Qalt» 
his  "  Marl  of  Folkestone  "  and  "  Clay  of  Underdiflf "  being 
identical  with  the  Gait  of  Cambridge,  and  adds  that  tho 
greater  part  of  England  has  not  been  examined  with 
sufficient  care  to  admit  of  correlation. 

C.  Fitton's  position  for  his  Firestone  has  remained  unaltered, 
but  the  name  was  changed  to  Upper  Grecnsand.  [I  cannot  be 
sure  who  made  the  change  in  the  first  place.  Firestone  wai 
inapplicable  in  a  largo  portion  of  England,  and  the  change 
was  but  a  restoration  of  Smith's  name  (which  Sedgwick 
insisted  on  in  1826,  An.  Phil.  p.  343).  Query — When  wai 
"Upper"  added?] 
Hunstanton  Red  Limestone.  A.  (a)  Seeley.  (5)  1861.  (c)  An. 
Mag.  Nat.  Hist.  Ap.,  1861.  (d)  Hunstanton  Bed  Limeftone. 
(e)  Hunstanton  being  the  typical  locality. 

B.  Sedgwick,  in  tho  An.  Phil.,  1822,  hinted  that  it  wai 
distinct  from  Chalk.  Wiltshire,  in  1809,  Proc.  G^l.  Assoa, 
suggested,  amongst  other  hypotheses,  that  it  was  a  formation 
intermediate  between  the  Chalk  and  Lower  Greetisand. 

O.  Clearly  separated  from  Bed  Chalk  in  1864.  (Quart  Joorn. 
QeoL  Soc,  November,  1864.) 

^  I  haTC  used  the  word  in  tho  plural  with  an  intention.  Many  modificatioBi 
were  made  in  the  mapping  during  the  pcnod  of  the  issue  of  the  uifferent  oopi* 
They  were  not  called  separate  editions,  but  containiug  auoh  diiferenooi  thej  CM 
hanuy  be  spoken  of  as  the  aanie  map. — W.  S.  M. 
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JLT.»  A.  (a)  Ktton.  (*)  1824.  (c)  An.  Phil.,  voL  vui.  p.  365. 
(flf)  Clay  of  the  Undercliff  or  Gault.  (e)  Qalt  is  Baid  to  be 
a  local  name.  [Query — In  what  county  or  counties  is  it  used 
and  in  what  sense?  See  Fitton,  6eol.  Journ.,  2  ser.  vol,  iv. 
p.  306,  1836.] 
B.  See  sujnrd,  G.  None. 


ITOTICJEIS      OIF      DS^E:M:OIIiS. 

— On  a  New  Sub-class  of  Fossil  Bibds  {Odontomtthes).    By 
Prof.  0.  C.  Mabsh,  Yale  College,  Ct,  U.S.A. 

IHE  remarkable  extinct  birds  with  biconcave  vertebra;  (IchthyoT' 
nida),  recently  described  by  the  writer  from  the  upper  Cretaceous 
Je  of  Kansas,'  prove  on  further  investigation  to  possess  some 
iitional  characters,  which  separate  them  still  more  widely  from  all 
own  recent  and  fossil  forms.  The  type  species  of  this  group, 
iihffomis  dispar.  Marsh,  had  well  developed  teeth  in  both  Jaws. 
ese  teeth  were  quite  numerous,  and  implanted  in  distinct  sockets, 
ey  were  small,  comi^ressed  and  pointed,  and  all  of  those  preserved 

similar.  Those  in  the  lower  jaws  number  about  twenty  in  each 
1U8,  and  are  all  more  or  less  inclined  backward.  The  series 
ends  over  the  entire  upper  margin  of  the  dentary  bone,  the  front 
th  being  very  near  the  extremity.  The  maxillary  teeth  appear  to 
'6  been  equally  numerous,  and  essentially  the  same  as  those  in  the 
ndible. 

[lie  skull  was  of  moderate  size,  and  the  eyes  were  placed  well 
nrard.     The  lower  jaws  are  long  and  slender,  and  the  rami  were 

closely  united  at  the  symphysis.  They  are  abruptly  truncated 
:  behind  the  articulation  for  the  quadrate.  This  extremity,  and 
Bcially  its  articulation,  is  very  similar  to  that  in  some  recent 
atic  birds.  The  jaws  were  apparently  not  encased  in  a  horay 
ath. 

lie  scapular  arch,  and  the  bones  of  the  wings  and  legs,  all  conform 
«ly  to  the  true  ornithic  type.  The  sternum  has  a  prominent 
1,  and  elongated  grooves  for  the  expanded  coracoids.  The  wings 
e  large  in  proportion  to  the  legs,  and  the  humerus  had  an 
?nded  radial  crest.  The  metacarpals  are  united,  as  in  ordinary 
Is.  Tlie  bones  of  the  posterior  extremities  resemble  those  in 
mming  birds.  The  vertebrae  were  all  biconcave,  the  concavities 
ach  end  of  the  centra  being  distinct,  and  nearly  alike.  Whether 
tail  was  elongated  cannot  at  present  be  determined,  but  the  last 
ebne  of  the  sacrum  was  unusually  large, 
he  bird  was  fully  adult,  and  about  as  large  as  a  pigeon.     With 

exception  of  the  skull,  the  bones  do  not  appear  to  have  been 
umatic,  although  most  of  them  are  hollow.  The  species  was 
ivorous,  and  probably  aquatic. 

riiia  is  sometimes  spelt  Golt  (as  by  Rev.  J.  Mitchell  in  his  Table  of  Sequence, 

)  and  Gault.     I  believe  Gait  to  be  correct. 

iilliman's  Journ.,  vol.  iv.  p.  344,  Oct.  1872,  and  vol.  v.  p.  74,  Jan.,  \%1Z. 
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When  the  remains  of  this  species  were  first  described,  the  portions 
of  lower  jaws  found  with  them  were  regarded  by  the  writer  si 
reptilian;^  the  possibility  of  their  forming  part  of  the  same  skeleton, 
although  considered  at  the  time,  was  not  deemed  sufficiently  strong 
to  be  placed  on  record.  On  subsequently  removing  the  snrroanding 
shale,  the  skull  and  additional  portions  of  both  jaws  were  brought 
to  light,  so  that  there  cannot  now  be  a  reasonable  doubt  that  all  are 
parts  of  the  same  bird.  The  possession  of  teeth  and  biconcavs 
vertebras,  although  the  rest  of  the  skeleton  is  entirely  avian  in  type, 
obviously  implies  that  these  remains  cannot  be  placed  in  the  present 
group  of  birds,  and  hence  a  new  sub-class,  Odontomithea,  is  proposed 
for  them.     The  order  may  be  (billed  Ichihyomxihea. 

The  species  lately  described  by  the  writer  as  Ichihyomts  eeler  also 
had  biconcave  vertebra*,  and  probably  teeth.  It  proves  to  be 
geuerioally  distinct  from  the  ty])e  species  of  this  group,  and  benoe 
may  be  named  Apatomia  celer,  Marsh.  It  was  about  the  same  size  at 
Ichthyomia  diapar,  but  of  more  slender  proportions.  The  geologioal 
horizon  of  both  species  was  essentially  the  same.  The  only  remaiiu 
of  them  at  present  known  are  in  the  museum  of  Yale  College. 

The  fortunate  discovery  of  these  interesting  fossils  is  an  important 
gain  to  palaK)ntology,  and  does  much  to  break  down  the  old  distinc- 
tions between  Birds  and  Heptiles,  which  the  Archseopteryx  has  bo 
materially  diminished.  It  is  quite  probable  that  that  bird,  likewise^ 
had  teeth  and  biconcave  vertebraa,  with  its  free  metacarpals  and 
elongated  tail.  (Appendix  to  SillimarCa  American  Joum,,  Feb.,  1873, 
p.  Itil.) 


11. — ^Vazekri  Rupi,  the  Silver  Country  of  the  Yaeezrs  in  Kijlu; 
ITS  Beauties,  Antiquities,  and  Silver-mikes  :  inoludimo  a 
Trip  over  the  Himalayah  Bange  and  Glaoibrs.  By  J. 
Calvert,  F.G.S.,  Mem.  Inst  C.E.  With  numerous  Illustra- 
tions.     8vo.     (London  and  New  York,  1873.) 

EULU  is  the  mountainous  region  drained  by  the  headwaters  of 
the  Eiver  Beas,  and  of  the  MaLiuna,  Parbutti,  Harla,  and 
Sainj,  its  tributaries.  These  rise  partly  in  the  high  range  (21,772 
feet)  bounding  Spiti  on  the  west,  and  partly  in  the  Deobita  (20,417 
feet)  and  Rohtang  (15,506  feet)  range.  Near  to  and  parallel  with 
the  northern  and  steepest  side  of  the  latter  runs  the  Chandra  River, 
receiving  the  waste  of  the  Siiign,  Perad,  Sack,  and  Ilamta  Glaciers. 
A  portion  of  Kulu,  crossed  nearly  at  its  centre  by  Lat.  32°  N.  and 
Long.  77-"  30  K.,  is  *'  the  Silver  Country  of  the  Vazeers,"  with  an 
area  of  677  square  miles  and  a  population  of  about  3000.  The  mines 
were  closed,  built  up,  and  planted  over  some  years  ago,  on  the 
invasion  of  the  Sikhs  ;  and  the  wealth  of  silver,  copper,  and  antimony 
aftpears  to  have  been  nearly  forgotten,  until  the  energy  of  recent 
speculation  once  more  opened  up  the  mineral  riches  of  this  district 

The  great  Kulu  (or  Kooloo)  valley,  noted  for  its  beautiful  scenery, 
about  115  miles  north  of  Simla,  is  traversed  by  many,  who  pass  over 
the  Himalayahs  on  business,  or  for  adventure  and  sport ;  and  for 

>  SiUiman'i  Joam.,  vol.  ir.,  p.  406,  Nor.  1872. 
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geologiBts  at  home  it  is  pleasant  to  aocompany  an  intelligent  traveller, 
page  by  page,  who  knows  not  only  how  to  gossip,  but  how  to  point 
out  the  physical  geography,  the  structure,  and  mineral  characteristics 
of  his  route  through  this  interesting  region  of  North  India.  With  a 
dear  map  and  numerous  good  illustrations  of  scenery  and  of  build- 
ings (both  old  and  new),  and  of  the  handsome  European-like  Kulu 
people,  Mr.  Calvert  materially  aids  the  reader  to  follow  his  track  by 
river-side  and  mountain-pass,  through  the  picturesque  villages,  and 
among  the  mines,  and  frequent  exposures  of  unworked  lodes  in  this 
«  Silver  Country  of  the  Vazeers."— T.  R.  J. 

nL — ^Transaotioiis  of  the  Newbubt  District  Field-oltjb,  Estab- 
lished 1870.  8vo.  (Newbury,  1871.) 
DESIGNED  to  promote  the  knowledge  of  the  Natural  History 
and  Antiquities  of  the  neighbourhood,  this  Society  has  already 
applied  itself  with  industry  and  acumen  to  the  cultivation  of  the 
rich  fields  of  natural  science  around  Newbury,  in  both  Berks  and 
Hants.  The  current  evidences  of  its  activity,  since  1870,  have  been 
the  well-arranged  excursions  to  points  of  interest,  and  the  social 
discussion  of  new  and  old  facts,  and  of  matured  and  nascent  opinions. 
The  more  lasting  and  tangible  results  are  visible  in  the  handsome 
and  well- printed  volume  before  us,  with  its  woodcuts,  lithographs, 
and  photographic  illustrations.  For  Geologists  it  offers  papers  on 
the  Geology  of  the  Kennet  Valley,  of  North  Hampshire,  and  of  the 
Kingsclere  Valley ;  and  on  the  nature  and  origin  of  the  well-known 
Sarsen  stones.  The  Botanist,  Ornithologist,  and  Entomologist  have 
excellent  matter  given  them.  The  Antiquarian  and  the  Scholar  are 
also  largely  supplied  with  facts  and  thoughts  relating  to  the  history 
of  this  richly-storied  region. — T.  R.  J. 

IV. — Ninth  Annual  Repobt  of  the  Belfast  Naturalists'  Field- 
club,  1871-72.  8vo.  65  pages.  (Belfast,  1872.  Prmted  for 
the  Members  only.) 

BESIDES  cursory  notices  of  points  of  geological  interest  near 
Belfast,  at  Woodburn  Glen,  and  elsewhere,  and  in  South 
Donegal,  visited  by  the  Club  in  Summer  excursions,  this  Report 
contains  a  paper  by  Mr.  W.  Gray,  on  the  very  slight  probability  of 
coal  being  found  in  the  neighbourhood  of  Belfast ;  and  a  paper  by 
Mr.  Joseph  Wright,  on  the  geology  of  Cultra  in  County  Down,  in 
which  he  shows  that  some  of  the  so-called  Permian  beds  there  are 
really  of  Carboniferous  age. 

The  Naturalists  and  Antiquaries  are  evidently  active  at  Belfast, 
for  this  Report  contains  many  interesting  and  thoughtful  notices  of 
the  botany,  zoology,  and  antiquities  of  the  vicinity. — T.  R.  J. 

V. — Cephalopoda  of  the  Cretaceous  Formation  of  Bohemia.  By 
Dr.  Anton  Fritsch.  (Cephalopoden  der  bohmischen  Ereide- 
Formation,  etc.)     4to.     Prague,  1872. 

r[S  elegant  and  well-printed  Monograph  has  been  brought  out 
under  the  auspices  of  the  Geological  Survey  o£  Bo\iem\«^»    1>t. 
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Url).  Schlonbacli,  who  worked  with  Dr.  A.  Fritscb  in  field  and 
cahinet,  from  IHIh  to  1S70,  on  the  subject-matters  of  this  Mono- 
grai)h,  nil  fortunately  diod  before  its  completion. 

liiljlio^raphy,  cliaracti.'rizati()n  and  comparison  of  species,  their 
local  occiirrenco  and  distribution,  are  carefully  treated  of;  and 
Bixteon  plates  of  full  clear,  and  artistic  lithographs  of  thirty-nine 
out  of  fifty-five  species  described,  of  which  seventeen  are  new,  com- 
ph.-to  this  welcome  addition  to  Cretaceous  Paltcography.  The  genera 
afibrding  tlio  Bohemian  species  are  GhjphUcuthis,  Bdemmtes,  ^'auti- 
lv8y  lUiyuchoJifhus,  Ammonites^  Scaphitcs,  Hamitcs,  IleHcoceras, 
Baculitcs,  and  Apttfchus,  T.  B.  J. 


VI. — Short  Notices. 

Fossil  Myuiopods,  etc. — In  the  Proceedings  of  the  Dresden 
"Isis"  Society.  1872,  p.  125,  Pi-of.  Dr.  II.  B.  Geinitz  describes  some 
interesting  fossils  from  Saxony.  (1)  A  Calamite-like  fossil  from  the 
very  old  (perhaps  (\iinbrian)  schists  of  Weesenstein  (pi.  1,  ^g.  1); 
(2,  Lliujahi  liaHiiultt,  Salter,  in  quartzito  from  the  Upper  Laxisitz 
(fig.  2)  ;  (3;  a  group  of  fossil  Mynoi)ods,  with  Wood  (Araucaritc$)f 
in  a  bilicoous  fragment  from  the  Kothliegende,  near  Chemnitz 
{Pulatojubis  ih/adlcns,  Geinitz,  fig.  4-7).  Can  Fischer  do  Wald)ieim*8 
"  Spirolinitos,"  in  a  i)ieco  of  gravel  flint,  figured  in  his  "  Oryctologie 
do  Moscou,"  pi.  12,  lig.  4,  bo  related  to  Prof.  Geinitz's  fossil,  or  to 
other  Julidw.  ? 

CRKTArEors  PoLYzo\  AND  FoRAMiNiFETiA. — In  the  4th  No.  of 
Part  I.  of  (.rL'iriitz's  "  Das  Ell > thai gebirgo  in  Sachsen"  (Bocks  of  the 
Elbe  Valley  in  Saxony,  1872),.  p]).  <J7-i;^4,  Dr.  A.  E.  Von  Reuss 
describes  numerous  Br^-ozoa  (Polf/zoa)  from  tho  Lower  Quader 
(Cretaceous),  illustrated  in  ten  beautiful  lithographic  (jnarto  plates, 
from  tho  Vienna  State  Printing-oftice;  also  at  p]).  134-140,  some  of 
the  F<jramiiiifera  from  these  bods,  especially  a  tine  Lituoline  form 
{PoIi/phratjuKi  rrlhrosum,  p.  139,  pi.  33,  fig.  8  a-r) ;  and  a  remarkably 
large  and  interesting  Foraminifer.  which,  long  regarded  as  a 
Polyzoa.  has  passed  nndor  various  names  in  books,  as  "  Ceriopom," 
"  Tlialamopora,'*  and  "  Monticulipora,"  but  which  Von  Iteuss  now 
carefully  works  out  {Tlnxhnopora  vnbrosa.  Goldf.  sp.,  p.  137,  pi.  33, 
figs.  11-15),  and  rceogiiizos  ns  the  typo  of  a  now  Eoraiiiiniferal  family. 
Indood  this  species  is  not  only  of  interest  as  attaining  a  length  of  an 
inch  and  more,  with  ])roportionato  thickness,  but  as  exhibiring 
characters  of  allianco  with  so  many  other  goiiora,  as  Folytremat 
Carpenteria,  and  especially  Cf/mhc1oporn,  und  tlirough  it  with  Planor- 
hyiUna  and  other  RotalincB,  The  author  points  out  that  Tltalamopora 
is  among  tho  "perforate,"  what  Dadylopora  is  among  tho  **  imper- 
forate "  Foraminifcra. 

^^iJyipYOBNiB. — In  tho   Transactions   of  the  Pologna  Academy  of 

\nceB,  1872,  scries  3rd,  vol.  ii.  (pj).  Ml-lOo,  ^dates  xix.-xxiv.). 

y  J.  J.  Bianooni  gives  further  information  on  the  femur,  tibia, 
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and  metatarsus  of  JEpyomia,  cbfrobotative  of  his  views  of  ^p. 
maadmtu  haying  been  an  immense  Tulturine  bird — the  ''Boo'*  of 
Marco  Polo. 

H.  B.  GtiKiTz  on  TfiE  GRCtACxous  Inocebami. — Ih  working  out 
die  Inocerami  for  hi^  work  on  the  Geology  of  the  Elbe  Yall^^y  in 
Saxony,  Frof^  Gemitz  has  had  to  study  these  shells  very  olosely. 
fie  reduces  the  species  to  eleven ;  and,  commencing  with  Lwceramu^ 
eonceidricuSy  Sowerby,  of  the  Gault  (which  points  with  others,  he 
^inks,  to  a  Liassic  origin),  he  passes  to  I.  atriatm,  Mantell,  of  the 
Cenomian  stage  (Lower  Quader  and  Lower  Planet).  This  species 
gives  off,  as  it  were,  in  the  same  stage,  J.  latua,  Mantell,  which 
becomes  in  the  next  (Turonian  or  Middle  Quader,  Middle  Planer, 
and  Planer  limestone)  J.  Idbiatus,  Schl.,  and  1.  Cuviertf  Sow,* 
whilst  the  Turonian  I.  Brongniartt,  Sow.,  is  another  branch,  ana 
I.  siriatoconcentrtcus,  Gumbel,  of  the  same  stage,  is  in  the  straight 
line  of  development.  In  the  Senonian,  or  Upper  Quader  and  Upper 
Chalk,  /.  planus,  Munster,  and  /.  Cripaiy  Mantell,  continue  from  the 
Onrien'-branch ;  and  7.  Zamarcki,  Park.,  from  the  parallel  Brongniartt' 
branch ;  and  alt  point  towards  the  highest,  namely,  L  tnvolutu8,  Sow. 

Some  Gigantic  Fossil  Mammai^. — Among  the  huge  fossil  mam- 
mals obtained  from  the  Lower  Tertiary  beds  of  Wyoming,  the 
Dinoeerata,  Marsh,  are  very  remarkable.  The  long  narrow  cranium 
bears  three  pairs  of  horn-cores,  rising  one  pair  above  another,  from 
the  low  nasal  pair,  to  the  higher  conical  maxillary  pair,  emd  to  the 
posterior  highest  and  brpadest  pair,  which  may  have  borne  expanded 
and  possibly  branching  antlers.  These  last  hom-cores  slope  down 
in  ftont  into  a  pair  of  lateral  coronal  ridges,  dominating  over  the 
great  temporal  fossse.  The  attenuated  nasal  bones  overlap  a  deep 
narial  cavity.  The  premaxillaries  are  slender  and  toothless.  In 
each  maxillary  is  a  great  canine  tooth,  long,  sharp,  and  decurved^ 
with  their  roots  running  up  into  the  middle  horn-cores.  Six  small 
premolar  and  molar  teeth  on  either  side,  with  transversely  ridged 
otoirtnos,  form  another  peculiar  feature  in  this  wonderful  beast. 
Already  various  fepeoimens,  representing  parts  of  the  skeleton  of 
Several  species  of  this  genus,  appear  to  have  received  different 
generic  names — as  LoxolophodoUy  Cope ;  Uintatherium  and  UintanMstrix, 
Leidy ;  DinocerOj  Marsh  ;  EohasileuSj  Cope.  Of  their  relative  claims 
to  priority  and  use,  Prof.  Marsh  treats  in  the  illustrated  reprint 
before  us,  from  "  Americ.  Journ.  Sc."  for  Feb.,  1873,  p.  117,  pub- 
lished in  advance  Jan.  28,  1873. 

In  his  Anniversary  Address  to  the  Royal  Society  of  New  South 
Wales,  May  22nd,  1872,  the  Rev.  W.  B.  Clarke,  M.A.,  F.G.S,  etc., 
gives  a  valuable  summary  of  facts  and  opinions  relating  to  the 
natural  history  of  the  diamond  and  diamond  fields  in  Brazil,  South 
Africa,  India,  and  Australia,  in  amplification  of  the  very  useful 
observations  he  oifered  on  the  same  subject  in  his  Anniversary 
Address  of  May  25th,  1870  (1871).  T.  R.  J. 
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I. — ^Thk  Eruption  of  Vesuvius  in  1872.  By  Professor  Luiof 
Palmieri,  Director  of  the  Vesuvian  Observatory.  With  Notes 
and  an  Introductory  Sketch  of  Terrestrial  Vulcanicity,  etc.,  by 
Robert  Mallet,  Mem.  Inst  G.  E.,  F.R.S.,  F.G.S.,  eta  With 
Illustrations.   Imp.  8vo.  pp.  148.    (London :  Asher  &  Co.,  1873.) 

AS  the  particles  of  ashes,  sand,  and  gravel  contribute  with  the 
scorioe  and  lava  to  build  up  the  cone  of  Vesuvius,  so,  by  the 
aid  of  larger  type  and  leaded  lines,  Prof.  Palmieri's  modest  little 
pamphlet  on  the  eruption  of  1872  has  been  built  up  into  58  pages, 
over  which  the  translator  has  poured  forth  78  pages  of  his  own  ideas 
and  theories  by  way  of  introduction,  ooncluding  with  a  Bubstratum 
of  eight  pages  of  notes. 

We  do  not  wish  it  to  be  supposed  for  a  moment  that  we  under- 
value the  almost  heroic  labours  of  Prof.  Palmieri,  as  with  patient 
care  and  untiring  attention,  he  watches  and  records  the  vaiying 
indications  of  volcanic  energy,  denoted  by  the  seismogpnaph  and 
electrometer,  in  his  Observatory  on  the  Crocelle,  a  part  of  the  old 
buttress-wall  of  Somma,  by  Vesuvius,  even,  as  on  the  terrible 
night  of  the  26th  of  April,  1872,  when  "  the  Observatory  lay  between 
two  torrents  of  fire,  which  emitted  an  insufferable  heat,"  so  thai 
**  the  glass  in  the  window-frames,  especially  on  the  Vetrana  side,  was 
hot  and  cracking,  and  a  smell  of  scorching  was  perceptible  in  the 
rooms."  (p.  90.) 

Prof.  Palmieri*s  report  furnishes  many  very  interesting  details  not 
heretofore  recorded.  For  example,  the  very  diverse  characters  of  the 
lavas  of  1871  and  1872.  The  former  (1871)  is  characterized  by 
Prof.  Palmieri  as  a  ''  lava  with  a  united  surface."  Mineralogically 
it  is  "  rich  in  leucite,  and  containing  little  or  no  pyroxene."  The 
latter  (1872)  is  described  as  a  '^lava  whose  surface  breaks  up  on 
cooling  into  fragmentary  scoriae;"  its  constitution  shows  it  to  be 
"poor  in  leucite  and  rich  in  pyroxene." 

It  is  certainly  remarkable  that  lavas  so  very  different,  both  in 
mineral  constitution  and  external  aspect,  should  have  flowed  out  of 
the  same  volcano  within  a  few  months  of  each  other.  Such  rapid 
changes  in  the  products  of  the  same  vent  prove  incontestably  the 
great  amount  of  change,  both  mineralogical  and  chemical,  that  is 
continually  going  on  in  the  subterranean  laboratory  at  no  great 
distance  from  its  outward  opening. 

•*  These  (1872)  lavas  (says  Palmieri)  carried  along  in  their  course 
a  quantity  of  scoriae  which  had  long  been  subjected  to  the  action  of 
the  acids  of  the  fumaroles  close  to  the  craters ;  and  also  many  bombs 
— round  masses  similar  to  those  ejected  from  craters — some  having  a 
diameter  of  4  to  5  metres.  These  bombs  must  have  flowed  out  with 
the  lava,  for  they  are  found  through  its  whole  course,  and  masses  so 
enormous  were  not  thrown  up  from  the  craters  during  the  eruption ; 
those  lying  on  the  cone  near  the  craters  seldom  exceeding  a  deci- 
metre in  diameter."  (p.  105.) 

This  also  is  a  singular  and  not  very  intelligible  fact     Voloanio 
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Mmbs,  properly  so  oalled,  are  drops  or  masses  of  liquid  and  inoan- 
lescent  lava,  launched  from  the  surface  of  the  molten  mass  in  the 
;rater  by  its  gaseous  explosions,  and  rounded  by  the  resistance  of  the 
iir  as  they  ascend  and  descend  again,  just  in  the  same  way  that  drops 
)f  molten  lead  are  rounded  into  shot  by  their  fall  from  a  ^shot-tower.' 
But  this  mode  of  formation  would  not  account  for  spherical  masses 
)f  such  vast  size  as  Professor  Palmieri  describes,  enveloped  in  the 
lowing  lava.  The  origin  of  these  masses,  which  can  hardly  be 
Tue  '  bombs,'  deserves  moi'e  careful  investigation.  Perhaps  they  are 
>nly  spheriod  concretions,  such  as  are  not  unusual  in  cooled  lavas. 

Another  interesting  point  connected  with  this  eruption  was  the 
}uantity  of  sea-salt  (chloride  of  sodium)  evolved  in  the  vapours  and 
wrought  down  with  the  rains,  so  that  **  not  only  the  Vesuvian  cone, 
)ut  the  whole  adjacent  country,  appeared  white  for  many  days,  as  if 
x>vered  with  snow  when  exposed  to  sunlight."  (p.  97).  "The  de- 
itmction  of  land  in  occupation  of  buildings  and  of  crops  exceeded 
;hree  million  francs  in  value."  (p.  98.) 

The  five  woodcut-plates  of  Vesuvius,  copies  of  photographs  of  the 
jone, — four  of  them  taken  from  the  same  point  of  the  Observatory, — 
before  and  after  the  eruption,  are  too  obscure  and  rude  to  tell  much 
IS  to  the  change  of  form  and  height  in  the  mountain,  which  are 
natters  of  some  importance,  and  ought  to  have  been  verified  by  care- 
ful and  frequent  barometrical  and  trigonometrical  observations.  If 
Prof.  Palmieri,  with  his  single  assistant,  and  the  two  Priests,  "  en- 
Tus(ed  with  the  festive  mass  for  the  Observatory,"  cannot  carry  out 
:his  simple  work,  surely  there  are  sufficient  learned  and  scientific 
x>die8  interested  in  it  who  would  willingly  contribute  the  needful 
idditional  funds,  to  record  such  changes  in  the  cone  as  must  have 
been  occasioned  by  so  notable  an  eruption  as  that  of  1872. 

Mr.  Robert  Mallet's  Introduction  has  really  no  connection  with 
Palmieri's  Report.  It  is  partly  occupied  with  a  sUtement  of  his 
news  on  earthquakes  and  volcanoes,  or,  as  he  is  pleased  to  call  it, 
"  Vulcanicity,"  and  partly  is  made  up  of  an  exposition  of  his  theory 
)f  the  dynamics  of  volcanic  energy,  as  set  forth  in  his  paper  com- 
DQunicated  to  the  Royal  Society  last  year. 

What  we  chiefly  object  to  in  this  portion  of  the  volume,  is  the 
issumption  on  Mr.  Mallet*s  part  of  a  conscious  superiority  to  others, 
md  a  freely-expressed  contempt  for  all  previous  observers,  especially 
for  geologists,  "  few  "  of  whom  "  even  appear  to  realize  how  great 
md  important  are  the  relations  of  Vulcanicity  to  their  science  viewed 
IS  a  whole."  (p.  78.) 

We  fear  Mr.  Mallet,  in  making  this  remark,  forgot  at  the  moment 
ihe  fact  that  Mr.  Poulett  Scropeand  Dr.  Daubeny — but  especially  the 
former — wrote  on  Volcanoes  and  their  connection  with  physical 
geology  so  long  ago  as  1824-5,  and  Mr.  Scrope  has  since  frequently 
written   thereon;    many  of  his   papers  having  appeared    in  this 

IdAOAZTNE. 

Nor  can  the  charge  of  neglecting  this  subject  be  brought  against 
Lyell  or  Phillips,  whose  published  works  attest  their  fuU  apprecia- 
doD  of  its  importance. 
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WUle  objecting  to  most  of  the  Tiewv  of  geoldgisis,  wbicih,  how- 
ever, he  frequently  distorts,  Mr.  Mallet  claims  the  diaraoter  of 
physical  truth  for  his  own  ideas. 

The  only  one  which  appears  original,  or  nearly  original,  in  his 
theory  is,  Qiat  Volcanic  heat  and  force  Is  wholly  eirolTed.from  the 
crushing  of  the  subsiding  solid  shell  of  the  globd  under  oeciilar 
cooling. 

Strange  to  say,  Mr.  Mallet  wholly  overlooks  the  fact  that  the 
secular  cooling  of  a  superheated  nucleus  already  provideft  heat 
enough  for  volcanic  purposes,  so  that  to  imagine  another  wholly 
diiferent  source  of  heat  arising  from  the  collision  and  crashing  to- 
gether of  the  broken  fragments  of  the  crust  is  quite  superflnous.  Tq 
imagine,  in  short,  two  sources  of  heat,  when  one,  and  a  recognized 
one,  suffices  to  explain  all  the  phenomena,  is  most  unphilosophical, 
especially  in  one  whose  claims  to  high  consideration  are  mailily  based 
upon  his  mathematical  accuracy.  On  other,  and  especially  on  chemi* 
cal  and  mineralogical  grounds  (as  pointed  out  by  Mr.  David  Forbes 
in  "Nature,"  Feb.  6th,  1872,  p.  261),  Mr.  Mallet's  theory  is  not 
likely  to  meet  with  a  ready  acceptance. 

Those  who  wish  to  read  in  English  Prof.  Palmieri's  acconnt  of 
the  1872  eruption,  will  find  the  present  edition — with  the  exception 
of  some  slight  faults  in  translation,  and  a  few  errata  in  printing — 
serve  their  purpose  excellently  well ;  we  should  have  preferred, 
however,  to  keep  Mr.  Mallet*s  Introduction  distinct  &om  Frofenor 
Palmieri's  Keport. 

n. ^Dr.    C.    W.    GiiMBEL   ON    THE    SO-CALLED     "  NULLTPOKra,"    AND 

THEIR  PaETTOIPATION  IN  THE  COMPOSITION  OF   CaLCAEEOUS  BoOKS 

("Die  sogenannten  Nulliporen,"  <fec.).    From  the  Transactiont 
of  the  Bavarian  Academy  of  Sciences,  1871  and  1872. 

OF  the  many  obscure  fossils  that  pass  from  hand  to  hand  among 
working  palaeontologists,  waiting  until  a  matured  knowledge  of 
nature  assigns  thorn  to  this  or  that  group  with  certainty,  the  so-called 
"  NuUipores  "  liavo  been  by  no  means  the  least  vagrant ;  they  have 
received  as  many  synonyms  as  they  have  had  observers.  Bringing 
the  microscope  and  an  intimate  knowledge  of  both  microphytes  and 
microzoa  to  bear  on  them,  Dr.  Giimbel,  of  Munich,  resolves  the 
kno^vn  fossil  "  NuUipores  "  into  two  kinds — 1.  True  calciferous 
Alga)  (Lithothamnium,  and  an  allied  form  Lithiotis) ;  and,  2.  Forami- 
nifcra  (Dactyloporidece).  In  the  first  category  he  describes  (1871, 
pages  13-52,  plates  i.  and  ii.)  :— 

1.  Lithothamnium  rauwsissimum  (Ecuss). — Middle  Tertiary. 

2.  L,  uummuliticum^  Gumbel.— Lower  Terfiar}'. 

3.  i.  eff'Mum^  Giimb. — I^wor  Tertiary. 

4.  L.  ptiocftnumy  Giimb. — Upper  Tertiary. 

5.  X.  iuheroauniy  Giimb. — Lower  Tertiary. 

6.  X.  ioruloaum,  Giimb. — Lower  Tertiary. 

7.  L.  mamillosmm,  Giimb. — Upper  Chalk. 

8.  X.  Paritieiiae^  Giimb. — Lower  Tertiary. 

9.  X.  Jmaasicum^  Giimb. — Sponge-rock  witii  Ammofi,  himamtnattu. 
10,  Z,  procaenumf  Gixwib, — Upper  Chalk. 
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11.  L,p9rlatumf  Oiimb.— Upper  Chalk. 

12.  X.  atperulum^  Giimb. — iJpper  Tertiary. 

13.  L.palmatum  (Goldf.).— Chalk. 

14.  Z,  racemoium  (Goldf.). — Upper  Chalk. 
J6.  Z.  GotdfuMi,  Giitub.— Chalk. 

1.  Lithiotis  problematical  Giimb. — Trias  (Botzo  beds). 

Dr.  Gumbel  also  indicates  several  figured  fossils,  which  probably 
have  reference  to  calciferous  Algse. 

The  assorting  and  characterization  of  the  second,  or  Foraminiferal, 
sroup  of  the  so-called  "  Nullipores,"  a  still  more  difficult  task,  has 
been  aocomplished  in  a  masterly  manner.  With  a  comprehensive 
view  of  the  chief  features  and  group-characters  of  the  Dactyloporoy 
as  described  in  Carpenter's  *'  Introduction  to  the  Study  of  Forami* 
nifera,"  Dr.  Giimbel  took  in  hand  the  revision  of  the  described 
forms,  and  the  explication  of  several  obscure  organisms,  from  the 
Alpine  Limestones,  which  he  saw  reason  to  associate  with  them. 
The  results  are  published  in  the  Second  Part  of  his  Memoir,  1872 
(pp.  231-288),  with  four  richly  filled  quarto  plates.  The  following 
list  is  full  of  interest  both  to  Geologists  and  Bhizopodists :— ^ 

1. — HaploporeUa,  Giimbel. 

1.  If.  eruca  (Parker  and  Jones). — South  Seas,  and  fossil  at  Grignon,  &c 

2.  ff.  annultu  '  (P  and  J.). — Grignon,  ftc. 

3.  IT.  reticulata  (Defr.). — San  Domingo.  Grignon,  &c. 

4.  H.  scrobieulatay  Giimb. — Guisse  la  Motte. 

5.  H,  biscutatUf  Giimb. — Guisse  la  Motte. 

6.  ff.  vesiculosa,  Giimb. — Grignon,  &c. 

7.  ff.  glanduhsa  (d'Arch.). — Siarritz. 

8.  ff./ascieulatay  Giimb. — Astrupp. 

9.  IT.  digitata  (P.  and  J.). — Grignon,  &c. 
10.  H,  margmoporeUa  (Michel.]. — Loc.  P 

n. — DactyloporeUa,  Giimbel.     (=iDactylopora,  Auct.  in  parte,) 

1.  D.  eylindracea  (Lam.). — Grignon,  &c.,  and  Belgium. 

2.  I),  saccata,  Giimb. — Grignon,  &c. 

3.  J),  miocanica  (Karrer). — Banat,  &c. 

4.  J),  eUgans^  Giimb. —  Dai. 

in. — Thrysoporellay  Giimbel. 

1.  Th.  cancellata,  Giimb. — Grignon,  &c. 

2.  Th,  cribrcsay  Giimb. — Beauchamp. 

IV. — Gyroporellay  Giimbel. 

1.  O.  annulata  (Schafhautl). — Wetterstein  Limestone,  &c. 

2.  G.  cylindrical  Giimb. — iluschelkalk. 

3.  O.  disBita,  Giimb.— Wetterstein  Limestone,  &c. 

4.  G.  debiliSf  Giirab. — Dolomite  of  Mendola  (Muscbelkalk?). 

6.  G.  macroBtomay  Giimb. — Dolomite  of  Mendola. 

5.  G.  pauciperforata^  Giimb. — Limestone  of  Reifling,  Reiss  Alpe. 

7.  G,  ininutuluy  Giimb. — lieifling  Limestone. 

8.  G.  Silesiacay  Giimb. — Muscbelkalk,  &c. 

9.  G.  infundibuliformiBy  Giimb. — Mendola  Dolomite. 
10.  G,  triaaina  (tou  Schaurotb). — Muscbelkalk,  &c. 

^  Probably  the  same  as  Daetglina  FiscJieri,  Zborezewski,  Bull.  Imp.  Nat*  Mo8COU| 
1843,  vol.  xvi.,  p.  363,  woodcut.  It  is  possible  that  Fischer  de  Waldheim's  Spirolina 
sulcata^  in  the  Carboniferous  Limestone  of  Miatchkowa,  **  Orvctogra^hia  M.oaQOM^'* 
1830,  pL  12,  fig.  3 a,  *,  c,  may  belong  to  the  Dac(yloporid€<f,-^,^,Z * 


124  Reviews —  Whitaker*B  Memoir  an  apart  of  the  London  Baan. 

11.  O.  multUtrialis,  Giimb. — Mendola  Dolomite. 

12.  O.  itqualit^  Giimb. — Wetteretein  Limestone,  d». 

13.  O,  eurvata,  Giimb. — Alpine  Dolomite,  &c. 

14.  G,  vesicuiifera,  Giimb. — Alpine  Dolomite,  &c. 

Two  small  problematical  organisms,  probably  allied  to  OyropareUa, 

are  also  figured  and  treated  of,  namely  : — 

CyfindreUa  SiUiiaeu,  Giimb,  from  tbe  Muschelkalk;  and  UUria  mtermdU^ 
Michelin,  from  the  Lower  Tertiary  beds  of  Cuisse  la  MoUe,  France. 

The  difficulty  of  working  out  the  characters  of  these  OyroporeUa 
imbedded  in  hard  limestones  has  been  very  great  Dr.  Qiimbel 
himself  looks  forward  to  still  more  complete  results  being  obtained 
from  continued  research.  Evidently,  these  organisms  are  to  be 
looked  for  in  other  Jurassic  and  Cretaceous  strata,  besides  the  Neo- 
comian  Limestone  of  the  Wetterstein :  the  VerticelUpora  anaBtomO" 
Mans,  and  its  varieties,  in  the  Farringdon  Beds,  would  repay  the 
labour  of  careful  examination  by  a  Dactyloporist  The  great  dif- 
ference between  the  Triassic  forms  (Oyroporella),  without  true 
"  chambers,"  and  the  Tertiary  Haploporella  and  D<ietyloporeUa  (with 
true  "chambers")  is  very  striking.  But  certain  Tertiary  forms 
(Thyrsoporella)  approximate  to  the  Oyroporella;  and  if  the  last  be 
simple  in  some  respects  as  to  structure,  nothing  can  be  simpler  in 
make  than  several  of  the  latest  Haploporella,  mere  rings  or  half-rings 
of  adherent  sacs. 

That  these  little  creatures  have  mightily  aided  in  the  constraction 
of  all  limestones  is  of  great  interest  to  the  (Geologist;  as  lowly 
links  of  life  they  are  worthy  subjects  of  study  for  the  Zoologist 

T.  B.  J. 


m. — ^Thk  Geology  op  thb  London  Basin. 

Memoibs  of  the  Qeolooioal  Survey  of  England  and  Wales, 
Vol.  IV.,  Part  I. — The  Chalk  and  Eocene  Beds  of  the 
Southern  and  Western  Tracts  of  the  London  Basin.  By 
W.  Whitaker,  B.A.,  etc.     8vo.     London,  1872. 

MANY  a  good  deed  passes  unnoticed,  and  many  a  good  work  gets 
little  pi*aise.  They  are  none  the  worse  for  that ;  and  yet  when 
heard  of  they  become  ensamples  to  many  and  good  food  for 
the  healthy  inquiring  mind.  Thus  one  of  the  most  important 
geological  publications  of  the  past  year  was  unostentatiously  pro- 
duced by  Her  Majesty's  Stationery  Office ;  and,  not  being  announced 
in  circulars  and  advertisements,  it  makes  no  noise,  though  a  standard 
work  and  without  a  rival  on  its  own  ground.  True  it  is,  that  prac- 
tical geologists  have  had  access  to  the  maps  to  which  it  relates,  a{id 
to  their  divisional  Explanations  appearing  from  time  to  time,  and 
ultimately  incorporated  with  the  larger  work, — and,  more  still,  to 
the  author-in -chief  of  this  comprehensive  book,  and  his  colleagues, 
Messrs.  Bristow  and  Hughes, — and  thus,  having  benefited  by  fore- 
taste and  anticipation  in  the  imparted  knowledge,  we  forget  to  be 
grateful  when  all  the  store  of  hard-won  information  is  at  last  put 
before  us  in  a  systematic  form.  The  amount  of  general  and  special 
geological  information  amassed  in  this  thick  and  well-illustrated 
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official  volume  is  enormous ;  and  fully  elucidates  the  stmotore  of 
the  largest  and  most  important  part  of  the  London  district,  from 
near  Marlborough  to  the  mouth  of  the  Thames.  The  Director- 
General,  in  passing  this  work  for  the  press,  truly  says,  "The 
numerous  accounts  of  well-siukings  and  borings,  given  in  the 
Appendix,  cannot  fail  to  be  of  great  economic  value  to  many  classes 
of  the  community;  and  other  questions  of  geological  economics 
have  been  carefully  attended  to.  The  bibliography  of  the  whole 
subject,  also,  in  the  Appendix,  forms  a  valuable  contribution  to 
geological  science;  and,  indeed,  the  examination  of  this  Appendix 
alone  attests  the  extensive  knowledge  and  scrupulous  accuracy  of 
Mr.  Whitaker."  We  cordially  indorse  this  well-deserved  eulogium  ; 
and  we  feel  assured  that  all  who  have  recourse  to  this  laborious  and 
conscientious  work  on  the  Greensand,  Chalk,  Thanet  beds,  Woolwich 
and  Reading  beds,  Oldhaven  and  Blackheath  beds,  London  Clay, 
Bagshot  beds,  and  "  Kentish  Crag,"  of  the  area  under  notice,  will 
find  themselves  aided,  as  if  by  a  willing  and  masterful  guide. — T.B.  J. 


GsoLooiCiLL  Society  op  London.— I. — Januarys,  1873.— Prof.  Ramsay,  F.R.S., 
Vice-President  in  the  Chair. — The  following  communication  was  read: — **The 
SecondaryRocks  of  Scotland."— First  Paper.     By  John  W.  Judd,  Esq.,  F.G.S. 

Introduttian. — The  Mesozoic  periods  are  in  Scotland  represented  only  by  a  number 
of  isolated  patches  of  strata  situated  in  the  Highlands  and  Western  Isles,  which 
haye  been  preserved  from  the  destructive  effects  of  denudation  either  through  having 
been  let  down  by  great  faults  among  the  Palaeozoic  rocks,  or  through  being  sealed  up 
under  vast  masses  of  Tertiary  lavas.  The  Cretaceous  rocks,  exhibiting  very  interest- 
ing characters  and  yielding  a  beautiful  series  of  fossils,  were  discovered  by  the  author 
of  the  paper  during  the  past  year  on  the  mainland  and  in  several  of  the  islands 
of  the  west  of  Scotland.  The  Jurassic  rocks,  which  were  first  described  by 
Mnrchison,  are  now  shown  to  present  a  remarkable  contrast  with  their  equivalents  in 
England,  in  being  constituted,  throftghout  tktir  whole  thicknesSf  by  alternations  of 
marine  and  ettuarine  series  of  beds,  in  which  respect  they  precisely  resemble  the 
equivalent  strata  of  Sweden.  The  Triassic  rocks  have  now  been  discovered  in 
Sutherland,  where  their  conformable  relations  to  overlying  beds  containing  a  fine 
liaanc  fauna,  entirely  confirms  the  conclusions  concerning  their  age,  derived  from 
Prof.  Huxley's  studies  of  the  remarkable  reptiles  yielded  by  them  in  Elgin. 

Part  I. — Strata  of  the  Eastern  Coast. — These  consist  of  a  number  of  patches, 
situated  around  the  shores  of  the  Moray  Firth,  in  the  counties  of  Caithness,  Suther- 
land, Ross,  Cromarty,  and  Elgin.  The  preservation  of  these  is  shown  to  be  entirely 
due  to  the  operation  of  faults  of  enormous  magnitude,  which  have  let  down  the 
Mesozoic  strata  ag^nst  the  various  Palaeozoic  rocks.  Owing  to  an  insufficient  ex- 
amination of  the  palteontological  evidence,  much  misconception  has  hitherto  prevailed 
concerning  the  geological  age  of  most  of  these  patches ;  but  a  careful  study  of  their 
faunas  enables  us  to  reconstruct  an  almost  unbroken  history  of  the  Triassic  and 
Jurassic  periods  in  the  north  of  Scotland ;  while  even  concerning  the  Cretaceous  much 
important  evidence  is  afforded  by  the  boulders,  which  abound  in  the  drifts. 

The  Keuper  is  represented  by  the  Reptiliferous  Sandstone  and  the  overlying 
calcareous  rocks ;  the  Rhtetic  by  conglomerates  in  Sutherland,  and  probably  else- 
where by  estuarine  beds,  which  are  now,  however,  only  preserved  in  great  boulaers. 

The  Lower  Lias  is  constituted  in  its  lower  part  by  a  thick  series  of  estuarine  beds, 
sandstones,  shales  and  coals  ^itherto  referred  to  the  Lower  Oolites)  ;.and  in  its  upper 
part  by  marine  strata,  yielding  a  highly  characteristic  fauna.  The  Middle  Lias  is 
formed  of  clays  seen  in  situ  in  Sutherland,  and  micaceous  sandstones,  only  preserved 
in  boulders ;  both  furnish  very  fine  series  of  fossils.  The  Upper  Lias  u  ^robaU^ 
T9ptmnied  by  ettoarino  beds. 
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The  Lower  Oolites  are  almost  wholly  mode  up  of  estuarine  itiaia,  oontaixiiBj 
coal-seams,  which  hare  hcen  frequently  worked  in  the  past  in  mines  which  are  now 
beinf^  re-opened.  The  bods  yield  many  freshwater  fossils,  which  have  attracted  moch 
attention,  owing  to  the  gcnofal  resemblance  they  present  to  those  of  the  Wealden. 

Of  the  Middle  Oolites  we  have  a  wondernilly  complete  series  in  the  east  of 
Scotland.  At  the  base  is  a  calcareous  sandstone  crowded  with  Kclloway  foeils; 
above  this  300  feet  of  shales,  yielding  the  well-known  Ammonites  and  other  fossils 
of  the  **  Omatus-clays  "  (Middle  Oxfordian) ;  still  higher  are  beds  of  marine  sand- 
stone with  a  magninccnt  fauna,  identical  with  that  uf  our  Lower  Caloareons  Grit 
A  thickness  of  400  feet  of  estuarinc  sandstones,  ctc.«  which  covers  the  last,  ii 
surmounted  by  limestones,  shales,  and  sandstones,  with  the  fossils  of  the  Coral  Uag. 

The  Upper  Oolites,  now  for  the  first  time  recognized  in  Scotland,  are  of  great 
thickness,  and  consist  of  alttjrnations  of  cstuarine  and  marine  strata,  yielding  a 
splendid  fauna  and  flora.  In  their  northern  extension  theso  beds  pass  into  tha 
wonderful  **brecciated  beds*'  of  the  Ord,  which  contain  enormous  transported  blocki 
of  Old  Red  Sandstone.  The  features  presented  by  these  strata  are  of  the  highest 
interest,  and  arc  very  suggestive  of  the  prevalence  of  peculiar  physical  conditions  in 
the  area  towards  the  close  of  the  Jnrassic  period. 

The  patches  of  Secondary  strata  on  the  coasts  of  Ross,  usoally  ealled  Lias,  art 
shown  to  belong  to  the  Lower,  Middle,  and  [Jpper  Oolites;  and  a  mass  on  tht 
coast  of  Elgin  is  demonstrated  to  be  also  of  Oolitic  age. 

In  future  papers  the  author  proposes  to  dc'scribe  the  Secondary  rocks  of  the  west 
coast  and  islands  of  Scotland,  and  to  di^'ius  the  various  theoretical  questions 
suggested  by  a  comparative  study  of  the  whole  of  the  Scottish  Meso3M>ic  strata. 

3isem8ion,—^\r.  Etheridge  commented  on  the  amount  of  labour  which  had  been 
bestowed  by  the  author  in  examining  the  country  described  in  the  paper,  and  wm 

Suite  prepared  to  accept  his  conclusions.  Ho  pointed  out  the  analogies  preseoted  by 
tie  Scottish  beds  with  those  of  Yorkshire,  while  at  the  same  time  their  relation  to  tM 
beds  of  Southern  England  was  for  more  obscure.  The  estuarine  character!  exhibitad 
in  the  Lias  of  Yorkshire  were,  however,  absent  in  Scotland.  Nevertheleaa  the  fannas 
of  the  Oolites  in  Scotland  and  in  the  South  were  so  much  the  same  that  there  could 
be  no  question  as  to  the  identity  of  their  age.  He  complimented  the  author  on  the 
skill  and  energy  he  hod  displayed  in  investigating  the  history  of  these  rocks,  and 
inquired  whether  he  had  been  able  to  work  out  tlic  limits  of  any  areas  of  depotitioB 
in  connexion  with  the  varied  features  of  the  Mesozoio  beds  of  Scotland  and  the  north 
of  Europe,  which  seemed  to  have  extended  even  as  far  as  to  Grocnland.  He  inquired 
whether  the  author  had  himself  found  any  remains  of  Statfonolepis, 

Mr.  Oarruthers  made  some  observations  on  the  value  of  the  obseryations  on  UmX 
botany  which  Mr.?Judd  had  made  in  the  Secondary  beds  of  Scotland,  whieh  wai 
enhanced  by  his  being  able  to  assign  a  definite  position  to  the  beds  in  which  theplaata 
were  found.  In  Scotland,  however,  the  vegetaole  life  at  certain  periods  of  the  earth's 
existence  had  now  been  discovered,  though  no  evidence  of  its  chsraeter  waa  forth- 
coming in  England,  where  the  beds  wore  otherwise  well  represented.  He  remarked 
on  the  discoveries  of  the  late  Hugh  Miller,  which,  so  far  as  Cycadess  were  oonoerBcd, 
had  disclosed  the  existence  of  Secondary  plants  elsewhere  unknown,  bat  which  had 
now  been  supplemented  by  the  investigation  of  Mr.  Judd. 

Mr.  Seeley  commented  on  the  variations  in  the  distribution  of  land  and  water 
during  the  deposition  of  the  various  strata  of  which  the  British  Islands  are  oompoaed, 
and  £ew  the  inference  that  there  had  been  a  gradual  change  in  the  relation  of  tha 
beds  to  neighbouring  land  which  at  one  time  existed  to  the  West,  then  passed  to  tha 
North,  and  finally  to  the  East. 

Mr.  H.  Woodward  in(^uired  whether  in  some  instances  where  the  author  had 
regarded  the  beds  as  estuarinc,  he  might  not,  with  better  reason,  regard  them  aa  old 
land-surfaces,  especially  at  the  points' where  coal  occurred. 

Mr.  Judd,  in  reply,  regretted  that  he  was  unable  to  fill  up  the  gap  which  appeared 
to  exist  between  the  Lower  Oolites  and  the  Middle  Lias;  but  even  in  theoriflshe 
had  been  unable  to  find  any  specimens  of  the  Upper  Lias  fossils,  which  are  so  remark- 
able and  characteristic.  He  therefore  considered  that  the  thick  beds  of  sandstone 
might  represent  both  periods.  He  thous^ht  that  traces  were  to  be  found  of  different 
areas  of  deposition  in  diiferent  bays  and  estuaries  during  the  Oolitic  period.  He  hid 
not  himself  found  reptiliun  remains,  which  were  always  found  by,  or  came  into  tha 
hands  of,  Dr.  Gordon.  The  coal  of  the  district  was  principally  made  up  of  E^uimtfm'f 
and  though  this  was  a  water- plant,  he  considered  the  bedi  might  witll  tlinott  eqjQil 
propriety  have  been  called  terrestrial  as  estuaxvaQ. 
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Prof.  Bamiay,  in  oonolusion,  observed  that  it  was  well  known  that  the  Jurassic 
and  Oolitic  beds  of  Europe  must  have  accumulated  in  a  warm  climate  around  iblanda 
and  in  bays  and  estuaries.  It  was,  however,  difficult  to  account  for  the  rivers  flowing 
over  such  narrow  tracts  of  land  as  that  represented  by  the  central  portion  of  the 
Bntish  islands,  having  had  such  important  estuirics.  The  large  transported  blocks 
of  Old  Bed  Sandstone  found  in  the  conglomerates  offered  another  difficulty.  Ha 
agreed  with  Hr.  Judd  as  to  the  impossibility  of  fixing  the  age  of  the  main  line  of 
faults,  as  many  of  them  mieht  date  back  their  origin  to  an  earlier  period  than  tha 
commencement  of  the  deposition  of  the  Oolites,  'the  narrow  neck  of  land  which 
intervened  between  the  eastern  and  western  Oolitic  beds  of  Scotland  offered  ^reai 
matter  for  consideration.  With  regard  to  the  connexion  between  the  Lias  and  Trias, 
he  had  long  regarded  the  New  Bed  Marl  as  more  intimatitly  related  to  the  Lias  than 
it  was  to  the  New  Red  Sandstone ;  and  in  Scotland  the  New  Bed  Marl  seemed  to  ba 
absent,  and  the  Lias  to  be  brought  into  oomparatively  close  contact  with  what  waa 
considered  to  be  the  New  Bed  Sandstone, 

Il.^January  22,  1873.--His  Grace  the  Duke  of  Argyll,  K.T.,  F.B.S.,  President, 
in  the  Chair. — The  following  communication  was  read: — **0n  the  Glaciation  of 
IreUnd."    By  J.  P.  Campbell,  F^.,  F.G.S. 

The  author  stated  that  almost  the  whole  of  the  surface  of  Ireland  consists  of 
glaciated  rocks  less  or  more  weathered,  or  well  preserved.  The  polished  surfaces  are 
covered  in  low  grounds  with  drift.  Boulder-clay,  unstratified,  is  next  to  the  rock  \ 
sands  and  gravels  and  peat  bo^  are  above  the  clay.  The  solid  rocks  have  been  greatly 
worn  itway  since  the  formation  of  the  Antrim  basalt;  the  drift  since  the  Glacial 
period.  The  hills  and  hollows  in  the  rocks  are  the  result  of  wearing  and  **  denuda- 
tion ; "  the  debris  is  the  **  drift  "  partially  re-arranged. 

This  was  shown  by  examples  in, — Ist,  Chalk  and  hasalt  in  Antrim ;  2nd,  Mountain- 
limestone,  etc.,  in  Sligo;  3,  older  rocks  about  Yalentiu  and  the  south-west;  4,  granites 
and  metamorphic  rocKs  in  Donegal  and  the  north-cast.  The  effect  of  the  Atlantic  on 
cliffs  at  Slieve  Liag  in  Donegal  and  elsewhere  on  the  Irish  coast  was  noticed. 

It  was  shown  from  these  Targe  coast-sections  tluit  the  upper  surface  now  has  no 
relation  to  the  older  contortion,  fracture,  and  folding  of  these  disturbed  and  faulted 
rocks,  which  lie  under  newer  and  less  crumpled  beds,  up  to  the  peat.  The  probable 
dimensions  of  the  ice-engines  which  worked  on  the  surface  of  Ireland  was  shown  by 
comparison  of  ^^laciers  in  Iceland,  Norway,  and  elsewhere,  with  the  Irish  marks, 
which  indicate  ice  of  enual  size.  Beginning  with  the  smallest  and  rising  to  larger 
systems  Irish  marks  indicate  ice  of  equal  dimensions,  till  horizontal  grooves  at  2000 
feet  above  the  sea  indicate  ice  more  than  2000  feet  thick,  moving  over  Irelnnd  into  the 
Atlantic  in  a  south-westerly  direction.  It  was  shown  that  the  ice  at  its  maximum 
probably  extended  from  the  Polar  Basin  to  Cape  Clenr.  In  support  of  this  view, 
bonlders  on  Fairhead,  and  the  denudation  and  glaciation  of  the  central  hic:hlands  of 
Scotland,  and  of  Scandinavia,  Finland,  and  the  United  States,  were  shortlv  noticed. 
The  question  whether  these  extensive  tracts  were  made  bv  glaciers  or  by  icebergs  was 
discussed.  The  marks  in  Ireland  and  Scotland  seem  to  the  writer  to  indicate  ice  more 
than  2000  feet  thick  moving  along  the  bottom  of  lochs,  straits,  and  shallow  seas,  in 
water  less  than  1800  feet  deep,  with  large  local  ice-systems  upon  high  lands.  It  was 
shown  that  glacier-ice  aground  in  water  is  easier  to  push  horizontally,  and  so  to  drive 
over  impediments  in  proportion  to  the  weight  lifted  vertically  by  flotation. 

Bubbings  from  glaciated  rocks  placed  beside  shaded  Onioance  maps  of  parts  of 
Scotland  and  England,  showed  that  similar  forms  had  been  somehow  produced  on 
scales  of  inches  and  miles  upon  the  rock -surface  of  Scotland. 

The  author's  conclusion  is  as  follows : — 

"  Ireland  has  been  greatly  denuded.  Glacial  and  marine  action  are  the  most 
powerful  known  to  me.  Glaciers  and  the  sea  shaped  Ireland,  as  I  believe.  Bivers 
and  weathering  have  done  little  to  obliterate  the  tool-marks  of  ice  and  the  sea  since 
the  end  of  the  last  of  a  scries  of  Glacial  periods." 

Discusaion, — Prof.  Bamsay  agreed  in  the  main  with  the  views  of  the  author,  and 
with  the  opinion  of  Agassiz  as  to  the  great  extension  of  cold  at  a  certain  period  both 
in  the  northern  and  southern  hemispheres,  though  he  could  not  carrj-  the  tneory  quite 
so  &r  as  to  leave  merely  a  narrow  equatorial  belt  unaffected  by  ice.  He  had,  how- 
ever, never  seen  any  mountain  region  in  the  northern  hemisphere  on  which  there 
were  no  traces  of  glacial  action.  As  to  Ireland,  he  knew  of  no  portion  of  its  surface 
wUch  had  not  been  glaciated,  and  the  great  striatioos  actually  cLlen<i^)  ^  \}ti^^  ^^ 
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in  Scotland,  right  OTer  the  watersheds,  and  were  eridently  imeoniieeted  with  ny 
merely  local  features.  At  the  same  time,  eyen  where  the  general  current  of  the 
upper  portion  of  the  ice  was  constant,  yet  there  might  hare  heen  and  probably  were, 
undercurrents,  the  course  of  which  was  determined  by  the  form  of  the  country 
traTersed  by  the  ice.  He  was  not  certain  that  the  present  features,  resulting  from 
denudation,  were  rightly  attributed  to  glacial  agency  alone,  as  other  causes  appear  to 
have  been  at  work.  He  instanced  cases  of  enormous  denudation  at  early  geological 
periods  which  it  was  difficult  to  trace  to  any  glacial  action.  He  thought  that  during 
the  Glacial  period  the  main  features  of  the  country  were  to  some  extent  modified  by 
the  great  ice-sheet  which  capped  it,  without  its  having  had  so  extensive  an  effect 
as  that  sometimes  attributed  to  it.  Still  sufficient  changes  had  been  made  on  the 
surface  to  cause  the  rivers  which  were  resuscitated  after  the  close  of  the  Olacial  period 
to  take  new  courses.  The  existence  of  old  river- valleys,  partially  obliterated  by 
glacial  action,  proved  to  his  mind  that  hills  and  valleys,  and  a  diversified  mafu% 
existed  previously  to  the  Glacial  period  to  almost  as  marked  an  extent  as  they  do  al 
the  present  day. 

Sir  Henry  James  observed  that,  having  at  one  time  been  in  charge  of  the  Geologied 
Survey  of  Ireland,  he  could  endorse  the  riews  of  the  author  as  to  the  glaeiation  of 
that  country,  though  he  agreed  with  Prof.  Kamsay  as  to  the  probability  of  valleys  in 
Ireland  ana  in  Scotland  having  existed  before  the  Glacial  peno<l,  and  guided  the  fiow 
of  the  ice.  These  no  doubt  were  intimately  connected  with  the  varying  hardness  of 
the  rocks. 

Mr.  T.  M*E.  Hughes  remarked  that  there  was  no  necessity  for  a  polar  ioe-cap 
from  any  secularly  recurring  cold,  seeing  that  the  difference  of  temperatore,  known 
as  a  matter  of  observation  to  be  due  to  geographical  causes,  was  so  very  much  greater 
than  any  variation  of  temperature  which  had  been  shovm  to  be  possible  owing  to 
astronomic&l  combinations,  that  the  astronomical  causes  might  be  neglected,  ns 
showed  that  the  glaeiation  which  was  relied  on  as  a  proof  of  the  passage  of  large 
masses  of  ice  from  the  north,  did  not  appear  to  come  from  the  north  pole,  but  from 
local  centres,  such  as  Scandinavia,  Scotland,  and  the  mountains  of  Wales  and  the 
N.W.  of  England,  from  which  the  ice  moved  in  all  directions.  He  pointed  out 
that  the  contents  of  the  drift  appeared  to  be  ignored ;  for  although  in  the  British 
Isles  the  polar  drift  might  have  been  pushed  out  to  sea  by  later  elacial  ^^Tlon,  still  it 
would  only  have  been  transferred  a  little  further  on ;  u..^  b<»a  >iy  such  drift  been 
deposited  generally  over  the  north  of  Europe,  traces  of  it  ought  to  be  found  along  the 
south  and  east  margins  of  the  Scandinavian  drift.  He  appealed  to  the  vast  scue  of 
the  changes  of  level  to  which  tliis  part  of  the  earth's  crust  had  been  subjected,'  and 
especially  to  the  shell-beds  of  Moel  Tryfaen  and  Macclesfield,  to  prove  tliat  changes 
of  level  of  at  least  1400  feet  had  taken  place  since  the  Glacial  period,  and  inquired 
whether  elevations  on  even  that  scale  would  not  recall  glacial  conditions  over  a largt 
part  of  the  area  under  notice.  He  aeain  proposed  to  the  Society  a  question  which  ht 
had  asked  several  years  before.  What  was  the  maximum  pressure  which  ice  would 
bear  without  becoming  water  or  being  crushed;  and  whether  the  consideration  of  this 
and  the  other  conditions  involved  would  lead  us  to  assign  a  limit  to  the  posdhls 
lateral  extension  and  vertical  thickness  of  an  ice-sheet  moving  on  a  plain  or  uphill 
which  would  affect  such  speculations  as  that  under  discussion  P 

Mr.  Mallet  said  that  he  was  to  some  extent  a  disbeliever  in  glacial  theories,  tboush 
he  had  from  an  early  period  in  his  life  noticed  the  scratched  condition  of  much  of  tne 
surface,  and  the  presence  of  transported  boulders  in  Ireland.  He  regarded,  however, 
the  main  valleys  traversing  the  island  as  of  far  earlier  date,  and  due  to  the  original 
form  imparted  to  the  land  on  its  elevation,  in  consequence  of  lateral  pressure.  He 
thought  that  some  portion,  if  not  the  whole  of  the  striation,  might  oe  due  to  the 
slipping  of  the  coating  of  detritus  upon  hard  rocks,  which  would  be  the  natural  result 
of  tne  elevation  of  a  portion  of  the  sea-bed  covered  with  pebbles,  sand,  and  mud. 
He  thought  the  phenomena  resulting  from  this  cause  could  not  be  distinguished  from 
those  resulting  from  the  operation  of  glaciers.  If  so,  the  effect  generally  attributed 
to  glacial  causes  must  be  accepted  with  great  caution.  As  to  the  limits  to  which  ice 
would  be  capable  of  propagating  its  own  motion,  it  had  been  found  by  experiment 
that  a  direct  push  could  not  be  propagated  through  a  mass  of  ice  for  any  distance  so 
great  as  a  mile.  He  thought  tnat  this  put  an  end  to  the  view  of  valleys  being  ex- 
cavated by  ice,  though,  of  course,  if  crushed,  ice  would  still  propagate  its  forca 
laterally,  and  might  produce  certain  effects.  He  denied  that  the  resulti  oiUa 
Mttributid  to  grounding  icebergs  could  be  due  to  such  a  causa. 
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Mr.  Srant  diipated  Mr.  Mallet'a  conehiaioni  as  to  the  propagation  of  motion 
tkroogh  ice  and  the  effects  of  grounding  icebergs. 

Mr.  Tiddeman  had  examined  much  of  the  western  coast  of  England  opposite  to 
Ireland,  and  did  not  attribute  its  glaciation  to  any  general  ice-sheet  radiating  from 
the  Pole.  The  glaciation  in  the  Tsi&ejs  he  regarded  as  of  later  date  than  that  of  the 
ioe-sheet,  and  it  was  to  be  studied  as  a  separate  phenomenon.  The  ioe-sheet  he  con- 
sidered to  haTe  been  general  oyer  the  north  of  England,  and  its  shed  ran  along  the 
Pennine  chain.  lu  tendency  wonld  be  rather  to  form  a  series  of  parallel  ralleys  than 
any  radiating  from  a  common  centre. 

Mr.  J.  Clifton  Ward  stated  that  in  Cumberland  he  had  found  that  the  direction  of 
tha  ice  must»  near  Skiddaw,  hare  been  in  a  northerly  direction. 

The  author,  in  reply,  remarked  that  in  Greenland,  whatever  might  theoretically  be 
the  ease,  ice  is  pushed  for  scores  or  hundreds  of  miles  down  into  the  sea,  until  it  gets 
out  of  its  depth,  and  erentually  floats  off  as  iceberg.  He  pointed  out  the  corre- 
spondence of  the  main  Talleys  of  Ireland  with  glsciations  on  the  surface  of  rocks  from 
wotland,  and  exhibited  specimens  and  rubbings  in  illustration  of  yarious  characters 
of  weathering  and  wear  from  different  natural  causes. 

IIL— February  6,  1873.— Warington  W.  Smyth,  Esq.,  F.R.S.,  Vice-Prerident, 
in  the  Chair. — The  following  communication  was  read :  —  *'  On  the  Oolites  of 
Northamptonshire.    Part  11.'^    By  Samuel  Sharp,  Esq.,  F.S.A.,  F.6.S. 

In  the  First  Part  of  this  Memoir  the  succession  of  beds  in  the  neighbourhood  of 
Korthampton  was  shown  to  be  as  follows : 

Clay \ 

White  Lim^t«ne q     ^  ^^^ 

Clay  with  Ferruginous  Band (  ^""vq. 

("Upper  Eatuarine") / 

Line  of  Unconformity. 

/  Sand  with  Plant  Bed \ 

''IS^T!  V Jwe'TJ,^!!!:!".!::!:::::::::::::::  i-^--  oo"*-- 

\  Ironstone  Beds    / 

Upper  Lias  Clay. 

The  Great  Oolite  limestone  of  this  section  has  been  confounded,  even  up  to  the 
preMut  time,  with  a  limestone  (frequently  Oolitic)  which  occurs  between  Kettering 
and  Stamford,  is  prevalent  about  the  latter  town,  and  extends  through  Rutland  nnd 
Lincolnshire  (where  it  attains  a  thickness  exceeding  200  feet)  into  Yorkshire ;  which 
limestone  has  been  distinguished  by  Mr.  Judd  as  the  '*  Lincolnshire  limestone.'^  The 
object  of  the  author  was  to  show  that  these  two  limestones  were  distinct,  and  that 
while  the  former  was  of  the  Great  Oolite  period,  the  latter  as  certainly  belonged  to 
the  period  of  the  Inferior  Oolite ;  and  in  citin?  evidence  in  proof  of  this  position 
upon  stratigraphical  and  palaeontolo^cal  grounds,  he  gave  a  general  account  of  the 
ecology  of  the  northern  division  of  Northamptonshire,  illustrating  his  description  by 
the  exhibition  of  numerous  fossils  gathered  from  the  various  beds  and  localities 
referred  to. 

Between  Northampton  and  Kettering,  the  Great  Oolite  limestone  is  the  surface 
rock  ;  and  intersecting  valleys  upon  that  line,  and  the  escarpment  of  the  Ise  valley, 
a  mile  east  of  Kettering,  exhibit  this  sequence  of  beds  : 

Great  Oolite Limestone. 

„         „    Upper  Estuarine  Clays. 

Inferior  Oolite Lower  Estuarine  Beds    |  Northampton 

„  „     Ferruginous  Beds {        Sand. 

Upper  Lias  Clay. 

And  this  section,  with  the  successive  superaddition  of  Great  Oolite  Clay,  Combrash, 
Eellowaj  Rock,  and  Oxford  Clay,  is  continued  due  east  across  the  country  to  the 
valley  of  the  Nene,  and  on  into  Huntingdonshire. 

Upon  the  same  Ise  escarflment,  about  a  mile  north-east  of  Kettering,  the  thin  end 
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of  the  wedge  of  Ae  lincolnehire  limatone  ii  teen  to  come  im ;  tad  thk 

for  the  fixft  time,  is  preeentcd : 

Great  Oolite Limeitoce. 

„         ^PP<r  Eicurine  CUji. 

Inferior  Oolite L:NcoLN£azB£  LacuTOsn  (Tery  thin). 

„  „    L^wer  Eiiuarine  Beds   I  XorthamptoA 

„  n    —    Fem^oosBeds j        Sand. 

Upper  Liai Clar. 

The  same  seaaence.  wi:h  the  occ^sioul  supenddition  of  the  Gnat  Oofita  Qa 
was  shown  to  be  repealed  upon  the  western  escarpment  of  the  Ise,  si  Gbnda^ 
Barford  Bridge,  near  Rickingum.  at  Weeklr,  and  at  Geddin^ton  (the  I  ini iiliAw 
limestone  increasing  in  thickness  at  everr  advance' ,  and  to  occur  orer  and  Ofer  ifiii 
upon  innnmerahle  escarpments  in  the  connues  of  Northampton,  RntUnd*  LhMflh 
and  York,  offering  unmistakable  and  iacontroTertible  erideoce  of  tha  \tm  sinfr 
graphical  position  of  the  Lincolnshire  Iimesu)ne. 

Ihe  author  described  the  section  in  the  ancient  quarries  at  Waldon,  whflMi  i| 
obtained  the  highly  reputed  freestone  of  that  name.  He  exhibited  a  diagcaqi  of  t^ 
horizontal  s<:Ction'  from  Rockinzham,  on  the  Welland  Taller  (which  marki  Is  A% 
north-west  the  line  of  division  between  Northamptonshire  and  Katlaad),  thtnw^ 
Veldon,  by  Oundle,  and  across  the  Nene  rallev  into  Huntingdonahixa.  it  wH 
shown  bv  t&is  dia^rram  that,  although  the  Lincolnshire  limestone  has  a  thickniBrf 
tome  30  feet  at  Weldon.  it  thins  out  verr  rapidlj  eastwards,  being  nowhcfa  fbnl 
within  three  miles  of  WeUlon  in  that  direction,  and  being  altogether  abaant  ftm  t^ 
Nene  escarpment  at  Oundle,  which  presents,  with  this  exception,  the  wbola  Mri«  rf 
beds  from  the  Oxford  Clay  to  the  Upper  Lias  Clay  inclusive. 

The  author  succcssivelv  described  sections  in  the  Lincolnshire  limestone at  Kpln^ 

where  the  equivalent  oi  the  Colleywe%ton  slate  is  quarried,  this  being  the  uhum 
western  point  at  which  it  has  been'  found ;  at  Deene,  Wakerley,  Moroot  (when  thi 
whole  series  from  the  Cornbrash  to  the  Upper  Lias  inclusive  occora,  the  I^neoUhai 
limestone  attaining  to  a  thickness  of  60  feet".  Eenon  (where  the  famou  KsMsi 
freestone  is  quarritd',  and  Colk-vweston.  At  the  last-named  place  the  well*kaowi 
calcareo-arenaceous  slate  has  t>e€n  quarried  for  more  than  350  jean;  and  At 
numerous  quarries  occupy  an  area  exceeding  a  mile  in  diameter.  Ben  eVciiabew 
mav  be  noted  the  position  of  this  slate-bed.  which  bases  the  iincoludura  limfiHwt 
series,  and  immediately  overlies  the  Lower  Estuarine  Sands. 

Some  three  miles  north-east  of  the  Colleyweston  slate  quarries  is  the  high  gnoid 
of  the  Stamford  Open  Field,  the  summit  of  which  is  about  200  feet  aborethe  ml  «f 
the  river  Welland.  In  this  one  hill-mass  occurs  (and  may  be  obcerred)  the  wbob 
series  of  beds  frt)m  the  Cornbrash  to  the  Upper  Lias  inclusive,  the  Lineolnshiit 
limestone  having  reached  a  thickness  of  75  feet,  and  being  the  most  important  bed  if 
the  section. 

The  limestone  which  occurs  beneath  the  Great  Oolite  Clay  and  abore  tfat  Uppv 
Estuarine  series  high  up  upon  the  escarpment  of  Stamfurd  Field,  occura  »Im>,  it  a 
level  some  100  feet  lower,  at  Bclmisthorpe,  and  at  Danes*  Ilill  and  Fssnutim.  ia 
cuttings  of  the  Great  Northern  Railway,  the  only  record  of  the  sections  of  whidi  ii 
to  be  found  in  Professor  Morris's  paper  in  the  Society's  Journal  for  1853.  Thii 
limestone  was  not  formerly  considered  to  bo  Great  Oolite  at  all;  but  the  aatbiv 
showed,  by  a  comparison  of  the  whole  group  of  fossils  obtained  from  both  bed%  thit 
this  limestone  was  identical  with  the  Great  Oolite  limestone  of  the  Northamntoa 
district. 

The  author  described  the  peculiar  effect  of  a  fault  occurring  south  of  the  Wdhid 
at  Stamford,  by  which  the  Upper  Lias  capped  by  the  Northampton  Sand  hu  beia 
tiirown  up  to  an  elevation  overtopping  the  town.  '  Upon  a  severed  and  subsided  ma 
the  important  suburb  of  St  Martin's  has  been  built,  and  a  peculiar  repetition  of  bab 
has  resulted — Upper  Lias,  Northampton  Sand,  Colleyweston  Slate,  and  Lineolnshiit 
Limestone  being  in  a  double  sequence  encountered  upon  an  ascent  of  the  escarpment 
The  fact  was  stutf-d  thnt  the  Colleyweston  slate  was  found  near  the  foot  of  the  eMSip- 
ment  (whence  the  beautiful  Aitrupicten  var.  Stautfordeniis,  Wright,  was  ubtoiiiedbf 
the  author  in  1853),  and  a^^ain  upon  the  summit  of  the  escarpment  at  a  distance  of 
one  third  of  a  mile,  at  an  increased  elevation  of  160  feet  Other  anomalom  nnUi 
of  the  same  fault,  which  extends  some  miles  eastward,  weie  described. 

The  araa  of  the  old  '*Bamack  Bag"  quarries  was  referred  to.    Theia  wen  A 
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irork  in  the  time  of  the  Bomani,  but  had  been  exhausted  fbr  400  yean.  The  stone 
(LiDColnshire  limestone)  wm  the  boildiiig-stone  over  a  larg^  district  in  aneient  times, 
iod  its  excellence  was  proTed  by  time. 

The  escarpment  sontn  of  the  Nene  valley  at  Wansford  presents  the  same  se(|uenoe 
u  that  of  the  Stamford  Field— Cornbrash  to  the  Upper  Lias  inclosire.  The  railway- 
tunnel  is  excayated  in  the  Lincolnshire  limestone.  East  of  this,  at  Castor  and  Water 
Newton,  and  west  of  the  same  point  at  Elton,  the  Lincolnshire  limestone  thins  away, 
ind  the  two  estnarine  series  sgain  come  together  in  vertical  contact.  Along  the 
Nene  Taller  towards  Northampton  the  southern  escarpment  presents  the  ^complete 
Mqnence  of  beds  from  the  Oxford  Clay  to  the  Upper  Lias  inclusive  (mtnta  the  Lin~ 
tUtuhire  lim4Mtone\  as  far  as  Thrapstone.  Here  the  Oxford  Clay  and  Cornbrash 
put  company  and  trend  southward,  the  other  members  of  the  series  (Great  Oolite  Clay 
sod  limestone,  Upper  Estuarine,  Lower  Estuarine  and  ferruginous  beds  of  North- 
smpton  sand,  and  Upper  Lias)  continuing  on  to  the  Northampton  district. 

The  author  contended  that  the  stratigraphical  and  palseontolo^cal  evidence  com- 
Uned  to  establish  the  position  which  he  assumed  in  his  introduction — ^that  the  Great 
Oolite  limestone  of  Northampton  was  identical  with  what  he  considered  was  Great 
Oolite  at  Stamford,  and  that  the  "  Lincolnshire  limestone  "  was  a  distinct  formation, 
and  a  member  of  the  Inferior  Oolite  series. 

He  bad  confidence  that  he  had  shown  that  the  series  of  beds  in  the  north-eastern 
portion  of  the  northern  division  of  Northamptonshire  comprised  all  the  beds  between 
the  ( >xford  Olav  and  Upper  Lias  inclusive,  including  the  Lineolnthire  limestone  ;  and 
tibat  tboae  of  the  south-western  portion  comprised  the  same  sequence,  excluding  the 
Lineoinehire  limeetone. 

He  considered  that  the  Great  Oolite  Clay  represented  the  Forest  Marble  and  the 
Bradford  Clay  of  the  West  of  England ;  that  the  Great  Oolite  limestone  was  nearly 
•oniTalent  to  the  Great  Oolite  of  Bath  and  the  Cotteswolds,  and  to  the  upper  beds 
of  Minehinhampton ;  that  the  Upper  Estuarine  might  be  nearly  identical  with  the 
Upper  Plant  Snale  of  Yorkshire,  but  more  certainly  with  the  Stonesfield  slato  of 
Oiiordi^ire ;  that  the  Lincolnshire  limestone  was  nearly  synchronous  with  the  grey 
fiaeitone  of  Yorkshire  (Inferior  Oolite),  and  probably  with  the  lower  portion  or  the 
Am,  Humphrieeianut  zone  of  the  west  of  England,  but  extending  a  little  below 
this  lone ;  that  the  Lower  Estuarine  answered  to  the  Lower  Plant  Shale  of  Yorkshire, 
Imt  had  no  representative  inthe  west ;  that  the  upper  portion  of  the  ferru^nous  beds 
of  the  Northampton  Sand  was  nearly  upon  the  same  norizon  as  the  Glaizedale  and 
Dogger  beds  of  Yorkshire  and  the  Am,  Murehiaonte  zone  of  the  west ;  and  that  the 
lover  portion  of  the  Northampton  Sand  was  represented  by  the  Am.  opalinua  zone 
•nd  the  Midford  Sand. 

Dieeuesion, — Mr.  Etheridge  expressed  his  obligation  to  the  author  for  his  paper, 
tod  for  the  remarkable  cofiection  of  fossils  he  had  exhibited.  The  grouna  over 
viiich  he  had  worked  was  one  the  features  of  which  h^d  required  a  great  amount  of 
wcU-directed  labour  to  decipher.  He  considered,  howodr,  that  Mr.  Sharp  and  Mr. 
Jodd  had  settled  the  question  of  the  seauence  of  these  rocks,  and  their  relation  to  the 
Oolitic  beds  of  Yorkshire  to  the  nortn,  and  Gloucestershire  to  the  west.  The  im- 
portance of  the  determination  of  the  position  of  a  bed  of  such  commercial  value  as  the 
Northampton  sands  could  hardly  be  over-estimated  ;  and  it  was  to  Mr.  Judd  and  to 
the  author  that  this  determination  was  due.  It  had,  moreover,  been  attained  under 
ntj  adverse  circumstances ;  for  at  the  time  when  the  Survey  of  the  district  had  been 
inoertaken,  the  Lincolnshire  limestone  had  not  been  recognized ;  and  even  Prof. 
Morria  had  at  first  failed  to  see  that  this  bed  intervened  between  the  Northampton 
ttnd  and  the  Great  Oolite.  It  was  mainly  due  to  the  extensive  collection  formed  by 
Mr.  Sharp  that  the  key  to  the  existence  of  this  important  bed  and  of  the  gcologicu 
IditoxT  of  the  whole  district  during  the  Mesozoic  period  was  discovered.  The 
mapping  of  the  country  was  not  to  be  effected  by  studying  merely  its  lithological 
characters,  but  was  mainly  dopcndent  on  a  knowledge  of  the  pnlrR^ntolojjical  features 
of  each  of  the  successive  bods.  Mr.  Etheridge  pointed  out  the  close  correspondence 
between  the  position  of  the  Northampton  beds  and  those  of  Yorkshire,  with  the 
eieeption  of  the  absence  of  the  Great  Oolite  in  the  latter  area  Though  the  Stones- 
field  slates  and  the  ('oUcyweston  beds  were  so  similar  in  lithological  character  that 
even  the  most  experienced  might  take  the  one  for  the  other ;  yet,  when  the  organic 
contents  came  to  be  examined,  the  difference  became  evident ;  and  in  Mr.  Sharp's 
paper  stratigraphical  evidence  had  been  brought  to  corroborate  the  '^ai«o\iU]kV^^<QN^ 
sod  to  ^ow  oonclusiveJj  the  difference  in  the  horizon  of  the  two  bodi. 
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Mr.  Jndd  eonld  not  orer-eetimate  the  ralno  of  Mr.  Sharp's  laboan,  ezteoded,  m 
they  had  been,  over  nearly  a  whole  lifetime.  They  afforded  another  instanoe  oftbe 
f^esX  value  of  local  inquiries  in  geology.  It  waa  oecoming  more  and  more  endnt 
that  the  sequence  of  be^ls  which  held  good  for  one  place  required  some  modificatioii  in 
another ;  and  that  in  each  case  there  was  a  more  or  less  distinct  local  series,  showin; 
that  in  no  one  locality  was  the  sequence  absolutely  perfect,  as  indaed  had  been  alresdj 
pointed  out  by  Mr.  Darwin. 

Mr.  Charles  worth  remarked  on  a  specimen  of  the  teeth  of  the  genus  LipMm 
txhibited,  consisting  of  cylindrical  columns  surmounted  by  a  conical  crown,  whid 
struck  him  as  one  of  unusual  interest  in  the  magnificent  collection  displayed.  Hi 
commented  on  the  value  of  such  local  collections  for  palseontological  purposes,  and  os 
the  necessity  of  their  being  formed  if  the  profn*e8s  of  geology  was  to  be  furthered. 

Prof.  Duncan  also  was  highly  impressed  with  the  value  ot  Mr.  Sharp's  Gollection. 
ITe  remarked  on  two  specimens  of  Madreporaria,  one  of  which,  ThamnoBtr^a  eoMiim, 
presented  a  series  of  ridges  significant  of  intermittent  growth.  The  other  form  yn- 
sented  a  strange  relic  of  Palseozoic  coral  forms,  being  intersected  by  tabulae  like  wm 
of  ancient  times.  It  afforded  an  instance  of  a  tabulate  Actinosoon,  in  oppositioB  to 
the  opinion  of  Agassiz  that  the  Tabulata  belonged  to  the  Hydrozoa.  Both  speeiit 
grew  on  narrow  bases ;  and  though  not  reef-corals,  were  forms  such  as  were  to  bo 
found  in  the  neighbourhood  of  reefs.  Taken  in  conjunction  with  the  Saurian  remtiBii 
he  thought  they  were  symptomatic  of  shallow  sea  conditions,  such  as  those  exirtiBf 
between  the  continent  of  America  and  the  West-India  Islands. 

Mr.  II.  Woodward  contrasted  the  collections  formerly  exhibited  to  the  Society  widi 
the  grand  series  now  shown  by  the  author,  inasmuch  as  in  former  times  the  stflS 
amount  of  regard  had  not  been  paid  to  the  stratigraphical  position  of  the  specimeoii 
and  their  value  was  in  consequence  almost  destroyed. 

Mr.  Sharp,  in  reply,  mentioned  that  some  portion  of  his  collection  had  been  formB^ 
by  Mr.  Bentley,  and  not  by  himself,  and  that  therefore  he  could  not  claim  the  credit 
of  the  whole.    He  was  gratified  to  find  that  there  was  so  little  disagreement  with  bi^ 
conclusions. 

The  Chairman,  in  conclusion,  expressed  his  satisfaction  at  the  fact  that,  notwitlv^ 
standini^  the  existence  of  the  Geological  Survey,  there  was  still  room  left  for  individuP^ 
discovery  and  research,  which  in  this  instance  had  served  to  rectify  what  might  har<^ 
been  erroneous  views  on  the  part  of  the  Survey. 

IV. — The  Anniversary  Meeting  of  the  Society  was  held  on  Friday,  the  21st  9^ 
February.     His  Grace  the  Duke  of  Argyll,  K.T.,  President,  in  the  Chair. 

The  finances  of  the  Society  wero  reported  to  be  in  a  highly  satisfactory  state. 

The  Wollaston  Gold  Medal  was  awarded  to  Sir  Philip  d'e  Malpas  Grey  Egerton^ 
Bart.,  M.P.,  for  his  eminent  services  to  Palicontological  Science,  and  particularly  ii^- 
recognition  of  his  researches  in  Fossil  Fishes. 

The  Balance  of  the  Wollaston  Fund  was  awanled  to  J.  W.  Judd,  Esq.,  F.G.S.,  in 
aid  of  his  investigation  into  the  Geology  of  Suthcrlandshire,  etc. 

The  First  Murcliison  Bronze  Medal  (together  with  a  part  of  the  Fund)  was 
awarded  to  Mr.  William  Duvies,  of  the  British  Museum,  in  recognition  of  his  long 
and  valuable  scrrices,  rendered,  during  a  period  of  thirty  years,  to  the  canie  of 
Palseontological  Science. 

The  Balance  of  the  Murchison  Fund  was  awarded  to  Prof.  Oswald  Heer,  of 
Zurich,  in  aid  of  his  researches  into  the  Miocene  Flora  of  Arctic  Europe,  Greenland, 
and  America. 

The  Anniversary  Address  was  delivered  by  His  Grace  the  Duke  of  Argyll,  as 
President,  in  which  he  ably  controverted  the  theor}'  of  a  Polar  Ice-cap  extending  to 
the  South  of  Europe  and  contended  that  even  the  powers  of  Glaciers  to  cut  cot 
▼alleys  and  excavate  lake-busins  had  been  vastly  over-e«timatcd,  and  argued  that 
the  valleys  down  which  the  Glaciers  flowed  existed'  before  the  Glaciers  occupied  them. 


BoTiOi  Gbolooical  Societt  of  Ireland. — Dublin. — The  annual  general 
meeting  of  this  Society  was  held  in  the  Museum  of  Trinity  College,  on  TVednesdar, 
12th  February,  when  the  President,  Professor  Alexander  ^iilacalister,  M.B.,  read  hu 
address;  and  the  following  officers  for  the  incoming  year  were  elected: — Preiident : 
iWessor  Edward  Hull,  M.A.,  F.  U.S.  Vice.rrv«ideuU:  Earl  of  Enniskillen,  F.R.8.; 
CoL  M.  Taylor;  Alexander  Macalister,  M.B.;  Rev.  H.  Lloyd,  Provost.  T. CD.;  Sir 
^^chard  Griffith,   Bart.,    LL.D.      Treatumt :   William  Andrews,  F.sq.;    Samuel 
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J,  LL.D.  Sm-HariM :  Re?.  S.  Hang^hUm,  M.D.,  F.B.S. ;  Prof.  Baidmt  H. 
Tnmimir,  ll.D.  OotmeU:  Sir  Robert  Kane,  F.B.8. ;  AlphonM  Qwa,  M.R.I.A.; 
B.  B.  Stoney,  C.E. ;  W.  Frazer,  F.B.C.S  ;  Alexander  Carte,  M.D.;  W.  H.  S. 
Westropp,  M.B.I.A.;  C.  B.  C.  Tichbome,  M.R.I.A.;  Re?.  Maxwell  Close,  M.A.; 
Francis  M.  Jennings,  F.C.S. ;  John  Ball  Greene,  Esq. ;  William  H.  Baily,  F.6.S. : 
William  Ogilbj,  F.Z.8. ;  B.  A.  Gray,  C.E. ;  J.  Emerson  Reynolds,  M.D. ;  Edward 
Hardman.  From  the  statement  of  the  Treasurers,  it  appeared  that  the  financial  con- 
dition of  the  Society  was  highly  satisfactory.  The  thanks  of  the  Society  to  the 
President  for  his  Tery  able  address  were  moved  by  Col.  Meadows  Taylor,  and 
•eeonded  by  the  Rer.  Maxwell  Cluse,  and  cordially  agreed  to  by  the  Meeting. 


GS01.00T8T8*  Association. — I. — The  annual  general  meeting  was  held  on  Friday^ 
Febnury  7th,  at  UniTersit?  College,  the  Rev.  T.  WilUhire,  M.A.,  F.G.8.,  the 
retiring  President,  in  the  Chair. — The  report  for  1872  shows  that  by  educational 
field-meetings,  as  well  as  by  the  papers  published  in  the  ProeeedingM^  the  Associa- 
tion ha«  been  the  means  of  imparting  a  considerable  amount  of  geological  know- 
ledge to  the  members,  many  of  whom  are  earnest  students  of  Geological  Science. 
Uenry  Woodward,  liq..  F.G.S.,  F.Z.S.,  etc.,  etc.,  was  elected  Fresideut  for 
1878 ;  and  R.  Etheridge,  Esq.,  F.R.S.,  etc.,  etc..  Prof.  Morris,  F.G.8.,  J.  Thome,  Esq., 
F.S.A.,  and  the  Rev.  T.  Wiltshire,  M.A.,  Vice- Fretidentt.  Messrs.  U.  Hislop,  J.  L. 
Lobley,  and  A.  Bott  were  re-elected  Treaturer^  Son.  Secrttary,  and  Son,  Librarian 
respectively.  The  Rev.  T.  Wiltshire,  M.A.,  was  elected  an  Hon.  Member  in  recog- 
nition of  his  early  services  to  the  Association,  of  which  he  was  one^  of  the  founders, 
and  a  cordial  vote  of  thanks  was  g^ven  to  Mr.  Wiltshire  for  his  services  as  President 
dnhng  the  past  two  years.  Votes  of  thanks  to  the  other  officers  of  the  past  year  and 
to  the  auditors  terminated  the  proceedings. 

II.— February  7th,  1873.— Henry  Woodward,  Esq.,  F.O.S.,  F.Z.S.,  President,  in 
the  Chair.— <*  On  the  Diprionide  of  the  Moffat  Shale,"  by  Charles  Lapworth,  Esq., 
F.G.8. 

After  reviewing  the  history  of  investi^tion  among  the  biserial  graptolitcs,  and  the 
antagonistic  opimons  regarding  their  internal  structure  held  by  different  palseon- 
tologista,  the  author  stated  that  a  careful  decomposition  and  examination  of  specimens, 
of  (Jlim€ieogr»pt%u  from  the  Moffat  shale,  preserved  in  a  btate  of  relief,  hud  forced 
him  to  the  conclusion  that  the  view  of  the  duplicate  nature  of  the  polyparv  in  this 
genns  advocated  by  Fruf.  Nicholson  is  substantially  correct.  The  internal  cnaracters 
are  identical  with  those  of  Liplograptus.  The  diprionidian  polypary  is  composed  of 
two  distinct  monoprionidian  polyparies  (each  having  its  own  csnosarc,  virgula,  and 
separate  hydrotheca)  placed  back'  to  back  and  coalescing  along  their  flattened  dorsal 
walls.  There  is  certain  evidence  that  this  type  of  structure  obtains  among  all,  or 
nearly  all,  the  Moffat  CUmaeograpti.  Nevertheless  he  was  not  prepared  to  deny  the 
accuracy  of  Prof.  Hall's  interpretation  of  the  internal  characters  of  his  Climacograptiu 
f  tjfpieaiis.  As  long  as  a  doubt  remained  upon  this  point  it  was  argued  that  it  would 
be  unsafe  to  exclude  Retiolitts  and  its  allies  from  the  Diprionida^  which  might  mean- 
while be  considered  as  embracing  three  such  families,  viz.  Biploffraptidce,  Metiolitida^ 
and  a  third  and  intermediate  sub-family  of  which  Clim.  ?  typiealis  (H.)  is  the  only 
known  example.  The  sub-family  Liplograptida  will  include  all  those  species  if 
present  referred  to  Diplograptua  and  ClimaeograptuM,  Now  that  the  type  of  structuA 
in  these  two  genera  has  proved  to  be  identical,  a  new  classification  is  necessary.  The 
only  remaining  characters  that  can  in  all  cases  be  employed  for  the  purpose  of 
separation  at  our  command  are,  the  form  of  the  polj-pary  and  the  shape  and  arrange- 
ment of  the  hydrotheca}.  It  was  shown  that  the  different  s])ecie8  of  the  Diplograptid© 
naturally  arranged  themselves  into  five  groups,  clearly  individualized  by  staking 
distinctions  in  these  characters.  Each  of  these  groups  it  was  contended  was  of 
sufficient  importance  to  be  considered  as  forming  a  separate  genus.  In  this  way  the 
genera  Climacograptus  (Hall),  and  Cephalograptus  (llopk.),  would  remain  untouched, 
and  the  author  suggested  that  the  generic  term  Diplograptua  (M|Coy)  should  be 
nstricted  in  future  to  those  species  of  which  Lip.  folium  (His.)  is  the  type,  and 
proposed  two  new  genera,  viz.  Orthograptua  to  include  those  species  resembling 
Uipiogr.  quadwimueronatw  (Hall),  and  Olyptograpttu  for  those  found  aftftt  lVi«  ^tA«w>\ 
of  IHplfi^r.  immarisnts  (Sicb.) 
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NTMMrLITES  DT  JAVA. 

Snt, — ^In  the  Gkol.  Mao^  No.  102,  p.  561,  Herr  Yerbed^  is  qfooted 
as  expressing  a  belief  that  the  Nammolitic  Formation  would  probablj 
be  found  in  Java  and  in  most  of  the  islands  of  the  Indian  Archi> 
pelago,  as  well  as  in  Borneo,  where  he  found  both  known,  and  new 
species  of  Nummuiina  and  OrbiioideM.  In  a  flint  implement  from 
Java  I  have  lately  seen  several  small  Xmmmmtiua,  probably  the 
same  as  N.  Pemgaronemsisj  Verbeek ;  thos  realizing  Herr  Yerbeek's 
expectation.  1^.  &  J. 

THE  DIVnoyG-ROD. 

Sib, — 3IaT  I  add  to  what  has  already  been  said  concerning  the 
divining-rod,  that  belief  in  its  powers  is  not  confined  in  Cornwall 
to  the  ordinary  miner.  Men  whose  scientific  merits  are  generally 
acknowledged  have  in  some  cases  more  than  a  bias  in  its  fiivonr.  I 
found  it  the  other  day  in  use  in  the  North  of  Devon,  for  the  parpoee 
of  tracing  iron  lo<les.  According  to  Pryce — "  Mineralogia  Comn- 
biensis" — it  was  first  introduced  into  Cornwall  by  Cooksworthy,  the 
founder  of  the  China  clay  trade,  who  learnt  its  use  from  a  Spaniard, 
then  in  command  of  the  garrison  at  Plymonth,  named  Eiviera. 

3,  Patha  Placi,  Pltmocth.  K.  XJ.  Worth. 


GEOLOGISING  OX  THE  COTTSWOLDS. 

SfB, — ^During  the  last  two  years  I  have  been  supplied  by  qnany 
men  with  fossils  from  two  quarries  worked  in  the  upper  beds  of  the 
Groat  Oolite,  and  the  finds  have  been  so  numerous  and  remarkable 
that  I  thought  Geologists  generally,  and  especially  those  located  on 
the  Oolites,  would  like  to  know  the  results.  I  only  propose  to  give 
a  general  description  of  the  fossils,  some  of  which  appear  to  b6 
new,  especially  the  corals,  very  few  of  which  have  been  drawn  or 
described.  The  quarries  are  located  near  Cirencester,  and  contain 
similar  beds  of  Oolite,  and  are  severally  400  to  450  feet  above  the 
sea.  In  one  is  a  considerable  fault,  and  in  both,  at  times,  is  brought 
to  H^ht  a  close  vortical  fissure,  the  faces  of  which  are  scored  horu 
toninlly.  Denudation  has  carried  away  12  beds  of  rock,  together 
^8  feet  in  thicknesB,  and  the  uppermoat  \)^  laTj&l  \^  Ibat  on  which 
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tiie  Forest  Marble  reposes.  The  quarries  have  been  excavated  about 
15  feet  below  the  surface,  and  are  composed  of  4  feet  soil  and  moved 
rock ;  then  one  bed,  3  to  4  feet  thick,  of  exceedingly  hard  stone,  the 
surface  of  which  is  flat,  and  on  it  large  oyster-shells ;  next,  three 
beds  of  stone ;  and  lastly,  a  coral  bed  of  about  4  feet  in  thickness. 
The  coral  bed  has  been  disturbed,  but  in  its  recent  state  must  have 
been  a  beautiful  sight,  from  the  number,  variety,  and  beauty  of  forms 
and  colours.  I  have  already  had  upwards  of  40  species  brought  me, 
and  such  as  n^ight  supply  materials  for  a  complete  local  coral  history. 
After  the  depression  of  the  reef  below  the  warm  surf  of  the  Oolitic 
Sea,  it  was  flooded  with  Oolitic  matter,  and  the  corals  have  to  be 
extracted  from  the  mass,  and  much  work  required  to  clean  them, 
and  specimen  after  specimen  examined,  before  the  characteristlo 
form  of  the  species  can  be  determined.  I  have  already  sixteen  species 
whose  growth  was  by  stems,  varying  from  3  to  60  on  an  inch  square 
of  surface ;  the  calices  on  which  number  from  40  to  140  on  an  inch ; 
ten  that  are  superficial  corals,  and  once  formed  the  coats  of  moUusks, 
the  body  of  which  has  been  decomposed,  and  a  cavity  left,  more  or 
less  filled  with  crystals  of  carbonate  of  lime ;  I  have  also  twelve 
corals  which  formed  a  solid  mass  of  coral  marble,  on  which  life 
existed  only  on  the  surface ;  and  four  that  show  a  growth  in  bands 
of  coral  marble ;  one  of  these  retains  its  purple  colour.  The  reef 
formed  by  these  corals  must  have  extended  many  miles;  upon  it  was 
drifted  fruits,  as  nuts  and  stems,  and  after  its  depression  a  great 
variety  of  univalves,  bivalves,  saurian  vertebras,  and  eggs,  and  teeth, 
and  teeth  of  fish,  and  portions  of  crabs.  Although  I  have  known 
one  of  the  quarries  for  many  years,  yet  at  most  I  only  obtained  three 
or  four  corals  from  it ;  but  now  that  I  depend  on  workmen  who 
break  up  the  bed,  it  is  impossible  to  say  how  many  more  new  species 
may  be  brought  to  me.  Thos.  C.  Brown. 

FuKTHBR  Barton,  CniExcssTEB, 

6M  January,  1873.    

THE  OLDEST  KNOWN  BRITISH  TRIGONIA.i 
Sib, — Having  read  some  time  ago,  Mr.  Kalph  Tate's  notice  about 
the  oldest  known  species  of  Trtgonia,  in  the  Geological  Magazine 
for  July  last  (see  p.  306),  and  the  reference  to  a  specimen  from 
Marske  (jnoiMaroke,  as  there  printed  in  error),  in  the  York  Museum, 
I  desire  to  say  that  the  latter  is  not  from  the  Marlstone  at  all,  but  is 
an  undoubted  Inferior  Oolite  Fossil,  the  matrix  being  in  all  respects 
similar  lithologically  to  the  Dogger  of  the  Peak,  near  Scarborough. 

This  leads  me  to  doubt  the  whole  aifair,  and  to  contend  for  the 
ancestral  honour  so  long  awarded  to  Trigonia  liter ata  (or  littorata  f) 
of  the  Upper  Lias.  John  Leceenbt. 

ScAaBO&ouoH,  January  18,  1872. 

PRINCIPAL  DAWSON  AND  OTHERS  ON  MOfeAINES. 
Sib, — ^As  the  reviewer  of  Dr.  Dawson's  Poat-Pliocene  Geology  of 
Canada  in  your  January  Number  scarcely  did  justice  to  the  author  on 
some  points,  you  would  oblige  by  finding  space  for  a  few  remarks. 

^  InA  leftw  wBf  BeeidtBtally  omitM  lait  month.— Edit.  Giioi..  'Nlk^. 
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ments  of  the  general  ioe-oap  were  somewhat  quickly  hronght  to  an 
end  by  the  sabmergence  of  the  still  ice-covered  country  in  the  sea. 
I  have  made  a  similar  suggestion  as  explanatory  of  the  wonderfully 
little  moraine  matter  (distinct  from  pinnel  or  possible  iceberg  drop- 
pings) to  be  met  with  in  the  Lake  District  (Gbol.  Mag.,  Sept.  1872). 

Nothing  perhaps  is.  more  calculated  to  teach  young  geologists  to 
hesitate  before  pronouncing  a  drift-mound  to  be  a  moraine,  than  the 
fiK^t  that  the  ''  practised  eye  "  of  a  very  great  Glacialist,  many  years 
ago,  led  him  to  regard  the  intensely  marine-bedded  sand  and  gravel 
knoUs  around  Camforth  as  moraines. 

In  the  above  remarks  the  term  moraine  is  used  in  its  customary  or 
Swiss  acceptation,  and  not  as  including  deposits  of  Boulder-clay,  Till, 
or  Pinnel.  D.  Mackintosh. 


AMERICAN  LAKE  BASINS  AND  ARCTIC  CURRENTS. 

Sib, — While  I  am  much  gratified  by  the  not  unfriendly  review  of 
my  Post-Pliocene  Geology  of  Canada  in  your  January  Number,  I 
may  perhaps  be  permitted  to  explain  briefly  one  point  of  some 
geological  importance  which  I  appear  not  to  have  stated  with  suflS- 
cient  clearness.  I  refer  to  the  apparently  contradictory  statements 
that  the  basins  of  the  great  American  Lakes  were  cleaned  out  by  cold 
Arctic  currents,  and  that  these  basins  are  parts  of  old  valleys  com- 
municating with  the  sea,  and  which  may  have  been  excavated  by 
subaerial  denudation.  There  is  really  no  contradiction ;  and  as 
the  nature  of  our  lake-basins  is  often  misunderstood  abroad,  it  may 
be  well  to  put  the  facts  of  the  case  plainly. 

It  is  well  known,  and  may  be  seen  by  a  mere  glance  at  Sir  William 
Logan's  beautiful  Greological  Map  of  Canada,  that  the  basins  of  the 
Great  Lakes  of  the  St.  Lawrence  are  hollows  of  denudation,  excavated 
in  the  softer  members  of  the  Silurian  and  Devonian  rocks.  But 
until  attention  was  directed  to  the  matter  by  Newberry  and  Hunt, 
it  was  not  so  generally  known  that  they  are  connected  with  each 
other  and  with  the  sea  by  deep  valleys,  now  filled  up  with  Post- 
pliocene  deposits,  and  which  have  not  been  re-opened  by  the  modem 
rivers.  Nor  has  sufficient  attention  been  directed  to  the  fact  that  the 
old  Post-pliocene  filling  remains  on  the  **  lee  '*  or  south-west  side  of 
the  Adirondacks  and  Laurentide  ridge,  while  it  has  been  cleaned  out, 
if  ever  deposited  to  the  same  extent,  opposite  the  gap  of  the  St. 
Lawrence  valley,  and  the  depression  north  of  the  Laurentides,  leaving 
the  basins  of  the  five  great  lakes  in  their  present  form. 

These  facts  imply  that  the  original  rock  excavation  is  of 
"pre-glacial"  date,  and  in  part  at  least  referable  to  the  epoch  of 
continental  elevation  in  the  Tertiary  period ;  and  that  the  subsequent 
partial  cleaning  out  of  the  sediment  or  preservation  of  the  basins  in 
an  unfilled  state,  was  due  to  oceanic  currents  flowing  from  the 
north-east,  and  having  the  same  powers  of  erosion  and  deposition 
now  possessed  by  the  Arctic  currents  off  the  American  coast 

In  short  the  original  rock  excavation  may  have  been  a  process  of 
atmospheric  denudation,  finished  in  the  Pliocene  period.  TV\^  «^^^- 
quent  filling  &nd  cleaning  out  belong  to  that  action  o^  l\i^  \\oY\\\«tv 
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and  a  rider  ooal  (sulphur),  about  9  inolies  thick ;  then  more  clunch, 
etc.,  and  at  about  88  yards  a  stratnm  of  sulphur  coal,  of  very  good 
quality  of  its  kind,  and  more  than  a  yard  thick.  We  then  had  many 
different  measures  of  olunch  clay,  etc.>  etc.,  and  several  rooks,  and 
then  the  measures  were : 


Rider  of  Smut  Coal  ... 

Brown  Fireclay 

Gtcj  Rock 

StroQff  Blue  Binds    ... 
DarkPizedaj   

SUimm  ..•  ...  •••  ... 

Battj  Coal 

8mnt  Coal  (Tery  good) 


PT.  IN. 


0 
2 
24 
12 
5 
1 
1 
4 


4 
0 
0 
0 
0 
6 
0 
0 


Brown  Clod,  with  light-coloured 
balls  of  Ironstone        

Smut  Coal       

Black  Clod,  with  dark-coloured 
balls  of  Ironstone        

Smut  Ooal  (good) 

JJartL  vyioG  •     ...     ■•«     ...     ... 

Smut  Coal  (good)    


FT.  nr. 


6 
2 

5 
8 
2 
3 


0 
0 

0 

4 
0 
6 


Some  of  the  above  measurements  (he  says),  may  not  be  exactly 

correct,  but  they  are  given  as  near  as  I  at  present  know  them." 

Any  one  looking  at  this  section  will  sae  the  importance  of  the  deposits 

and  their  total  dissimilarity  from  the  younger  Coal-measures. 

Alb&iohton,  Wolverhampton,  Daniel  Jomes,  F.G.S. 

Ftb,  6th,  1873. 


CYCLAS  CLAY. 

Sib, — ^In  describing  the  Post-glacial  deposits  of  West  Lancashire, 
Mr.  C.  E.  De  Ranee  repeats  in  your  last  Number  the  statement  that 
the  peat  of  tlie  lower  plain  or  that  below  the  26  feet  contour  line 
rests  on  "  Cyclas  and  Scrobicularia  Clays."  As  the  whole  of  the 
deposit — which  is  of  considerable  thickness — had  been  previously 
described  by  him  as  "  Cyclas  Clay,"  I  am  at  a  loss  to  know  whether 
the  Scrobicularia  Clay  alluded  to  is  that  intercalated  in  the  peats; 
or  whether  he  has  changed  his  views  on  the  subject,  and  considers 
the  deposit  to  be  of  a  mixed  fresh-water  and  marine  character.  If 
he  has  changed  his  views,  it  is  due  to  the  public  that  such  should  be 
stated,  otherwise  they  may  be  misled  by  his  previous  papers  and  by 
the  geological  sheets  of  the  district,  in  which  the  peat  of  the  lower 
plain  is  stated  to  rest  on  "  Cycla«  Clay." 

Having  searched  in  vain  for  Mr.  De  Ranee's  "  Cyclas  Clay"  ever 
since  I  read  his  interesting  paper  in  the  Journal  of  the  Geological 
Society  (1870,  p.  665),  I  consider  myself  entitled  to  speak  on  the 
subject.  For  the  details  of  my  investigations  I  must  refer  those 
interested  to  my  paper  on  **Tlie  Post-glacial  Geology  of  the  Mersey 
Estuary"  in  the  Geological  Magazine  of  March,  1872,  and  to  the 
more  detailed  description,  with  map  and  sections,  in  the  Transactions 
of  the  Liverpool  Geological  Society,  1872.  In  these  communica- 
tions I  have  proved  by  the  most  ample  evidence  that  the  whole  of 
the  beds  in  question  are  of  marine  origin,  and  have  named  them  the 
"Formby  and  Leasowe  marine-beds."  Until  the  facts  brought 
forward  by  me  are  disproved,  it  is  vain  to  go  on  repeating  that  the 
peat  is  underlain  by  **  Cyclas  Clay  " ;  and  unless  this  is  done,  the 
mb-descnption  in  the  Geological  Map  9CP  S.E.  ought  to  be  at  once 
corrected!  T.  Mellabd  Rkade,  C.E.,  F.G.S. 

Heath  House,  Bluwdbllsandr,  LrvERPooL, 
6M  jFMruary,  1873. 
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7!..*  u;::-...r.  Zr  Jiniii-   :f   iie  Tiii'-^ssry  :f  3>^^':n.    ana  of  our 

3i.  •"t:1  Ti:r^:na   r  "iir?  Jrriii;:i.  — di  vLltKa  icdie  urrir*  ji  ?aarbnckai, 

■3'rr'i»    "T-iT      ui    .ii*     \sfiri    X     I.      m     ul    .lla    OiT^TS.    "ill*    SCTXCrurS.    diA 
*  '  ...  ~~.  > 

?»..T»r,::.'-.'i^  Z.:;uir;i.ir:i  n-j-sSL  in-i  "c  "iie  rvrenr  'T  nua.      S«e  ilaoiiiB 
pAyr-  .a  "iie  «i.iir  I'lii-Uiii..  Ir"..   Tn.  2i-t;J.  iL  -.       This.  I  aep«. 


fill. — li  rsr.i-ris^r  ".;  ITr.  i!:diier'!i  letra*  in  viar  laac  Xomber.  I 
..ivr*«f.:  ..iT  -v.-_<Tr-  i.'ir.^  "lie  ▼iri  -■r^I."*  I  2i*iac  ic  ia.  ca  oriiaAij 

pr.r:r..,r.-.rr.  .r*.  'L-^  :v-rr.:;7r.ln^  :::  ':ji«5en  ^:;ris.  w-h.:..-!!  I  wtw  •iescribing 
w.>:r.  I  r.Vi .-.!.. 7 -ti  .:-  S:  :lir  id  I  iz.Iri.Tt.iz-i  :r;ci  Kr.  Fi3hi«'*i 
nr :.:'.\j^.  :..a    '  ■.r\il  '  ii  il^i-isc  \  «7:i':iijrzi  r'.r  :i."*L  ^xi»p«  thac  he 

Sl:.  Fi.if.nr  ;  .'r:i:rj  :.:■  ni7  a"D»rri!5±i::  :r'  ■■:]!•»  GIjcllI  Period":  I 
Uu  \:<f.  "m;  o;r.:iir.:  :.j  *l:»rl-i  mT^izl:  ceiiin-i  -fniiiien:  ir*i.^lo€is».  who 
r.a-.-^  ^i./r..!:.  ani  *-lll   :;■.  :Le  aiinie  wheci  speakinz  ot  general  glacial 

A.*  ift  Z(.H  affe  -'A  iL-i  I::e-*iieet  •::'  rii-r  Irish-Sia  ba^in.  I  am  unable 
fo  vij  wir.erher  or  no  i:  is  syi:oiir:ci:-m  vriuh  ilr.  FUher*s  Trail 
V'-y.^A.  I  iviVr:  ilre^ilj  tri*il  t.:-  sh-i-w  tha:  it  was  STzbsei^neat  to  the 
f//:M^Ar'if,ri  of  We*c  Yvrk^l-ire.  Lan-rashire.  ere.  bv  the  Mamnioth, 
t.i-:r.',r:r.^  lihiri''.<>;ro«.  cjive-Lya&na.  and  cave-l-ear.  and  that  these 
ar.JrrialA  pr.hjiblj  L';ver  retnm«r*l  to  that  area  ag^in. 

fr  U  /^iiir*-  po:?-.ink  that  here  ti>j  is  pjinted  out  by  Mr.  James 
(f*^\W\*'.  ff,T  Hf-/jt.\rikrA  >  pdljR'jIichic  man  may  have  liyed  with  these 
k.rnr(tiki!K  whoH^  r':rnairi.s  ar*;:  asa4x:iate>l  with  his  works  in  the  Sonth 
f,f  Kri;(I'inrJ.  For  certainly  the  complete  absence  of  palaeolithic 
ttfipUirnfiulA  and  fauna  over  co-extensive  areas  which  have  been  ovei^ 
ridd*!Tj  hy  th'j  Jcf;-sheet  is  a  significant  coincidence. 

7'o  w\in\tiVf:r  mtzjia  or  act  of  the  glacial  drama  we  may  assign  the 
^T9\Hl  u-j-.-hUoM,  onfi  tiling  is  certain,  that  it  was  succeeded  bj  a 
/i^riod  of  d^;jir#^iision,  well  marked  by  marine  sands  and  grarels  up 
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' » 
to  600  or  700  feet  in  North  Lancashire,  and  snpposed  by  some  to  be 
shown  by  more  doubtful  deposits  at  greater  heights. 

This  comparatively  mild  period  gave  place  to  a  sea  crowded  with 
floating  ice,  wherein  the  Upper  Boulder-clay  was  deposited  on  the 
Gravels,  and  perhaps  on  the  highest  islands  glaciers  were  forming 
and  sending  off  little  icebergs  into  the  channels  of  an  archipelago. 
But  the  ice  of  this  cold  period  never  attained  sufficient  strength  to 
plough  out  of  the  arms  of  the  sea  the  sand  and  gravel  of  the  pre- 
ceding mild  period.  It  could  not  therefore  have  been  the  agent 
which  swept  the  remains  of  the  older  mammals  off  the  face  of  the 
district,  but  probably  belonged  to  the  latest  cold  period  in  Britain, 
and  I  can  only  say  that  that  of  the  Ice-sheet  is  the  earliest  of  which 
we  have  any  traces  left  in  Lancashire  and  West  Yorkshire.     « 

UwivKBSTnEs'  Club,  Jebmtx  St.,  S.W.  B.  H.  Tiddxmak. 


OK  SUBSIDENCE  AS  THE  EFFECT  OF  ACCUMULATION. 

Sib, — ^Will  you  permit  me  to  make  a  few  remarks  upon  the  critique 
on  "  Yalleys,  Deltas,  Bays,  and  Estuaries,"  ^  in  the  last  Number  of 
the  Geological  Magazine  ? 

The  reviewer  charges  me  with  attributing  to  such  small  accumu- 
lations, as  those  of  ''a  delta,  a  shingle-beacb,  or  the  ice  and  droppings 
of  a  glacier,"  the  power  of  weighing  down  gradually  the  crust  of 
the  earth.  Such  an  opinion  would,  indeed,  be  "  pushing  a  theory 
too  far,"  even  to  absurdity. 

The  accumulation  in  a  delta  represents  a  comparatively  infini- 
tesimal portion  of  the  debris,  derived  from  the  disintegration  of  the 
material,  formerly  occupying  the  space  that  constitutes  the  area  of 
a  valley,  and  which  has  been  removed  during  the  process  of  its 
formation,  having  been  carried  down  by  the  river  and  deposited  near 
its  mouth  and  in  the  neighbouring  sea. 

It  is  considered  that  during  the  Glacial  Period,  there  were  not 
simply  Glaciers  in  Britain,  but  that  the  country  was  enveloped  in  a 
mantle  of  snow  and  ice,  similar  to  what  now  exists  in  Greenland ; 
and  it  has  been  estimated  that  in  some  parts  it  must  have  attained  a 
thickness  of  at  least  2000  feet.  Supposing  the  weight  of  this  mass 
was  the  same  as  that  of  a  similar  depth  of  water,  it  would  indicate 
an  increase  of  pressure  on  the  surface  of  the  land  amounting  to 
937  lbs.,  or  about  eigM  hundredweight  and  a  half  to  the  square  inch. 

Dr.  Robert  Brown  (Quart.  Journ.  Geol.  Soc,  xxvi.,  p.  681),  states 
that  he  can  find  no  appreciable  difference  between  the  deposit  of  the 
mud,  with  which  in  Greenland  the  sub-glacial  streams  are  loaded, 
and  that  of  the  clay  of  the  Boulder-clay,  and  it  was  to  such  a  source 
I  attributed  its  formation.  Though  its  thickness  in  this  neighbour- 
hood is  in  places  considerable,  even  after  much  denudation,  as  its 
deposition  occurred  close  to  a  land-margin,  it  will  probably  at  all 
times  have  been  moderate  compared  with  that  which  lies  beneath 
the  waters  of  the  Bay  of  Liverpool.  "  The  droppings  of  glaciers," 
t.c.  the  scratched  and  other  'boulders  and  pebbles  contained  in  the 

*  An  abstract  of  this  Efstaj  wuf  given  in  thr-  Geological  Mao  xrisn,  Vo\.  IIL.^AW 
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!>:<>':    iriz   I  »^-* "    imi-irx:  v.   rs   ^viZc   biil  '3i£S*d:re>  ob  Inr  in 

jtrri  vx'::s.i-i:j  c*.  r  "rir-r-iiirr  i^r^ii'iz*  "n  zl*  "iac  w^  «:•  as  all 
irtrj:  i-i-.i  t.:»*  :"-i!^T  tz-It^h*  .iieei  r  ziaj  :»^  "icrBifHr  rrcyrai  tbil 
jx  ':«^  M=i>^  ■'■  •^"  ~'^  'urrji^  its-  rrrrjz  &  T*:'«-fr  :^  iziiiSciE^  is  m  dM 
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»— t*  HAT '1^ -L-rir  tliiizL-s*  it  1  liitiz?:*  ::  *:zir  rriTes  from  the 
jl:.1.  -a-zr^T*  -JL-r  :tt»>::  J  rr:"::i"-'7  zTr-iTc**::  re:  i:  Sr:tlic*i-  where 
>.  m»^  "•>&  -x-LZiriTiTrlT  :i:z-  ::  ^k*  r.-f r:ei  r~z^  the  ef«cdaii 

CKjLUja  SicEKm. 


*  *■>< 


Ty  the  £r«t  y.!.iw  :he  de'^il*  cf  :he  Veis  shr-isTi  in  the  pits  wero 
nv>."*:d.  be;n!-r.:r-2r  frizi  thv  :  t^.  Th-e  h:*:hrst  pirt  of  the  section  is 
i.'i  firowTi  ly-Tjr.n  Cl^v.  wi:li  irs  ij-.r^rkei  "b.i.*t.nirm-b€\L"'  here  con- 

hiv':.^  of  JiVfit  Ten  fet  -if  Vrwn  !  am.  or  san-lv  c!nv.  with  ca^sof 
*>.';.!•.  fLzA  vr'i'h  '.\  I'jy'rr  •::  t::ii*  p-rMr?  a:  the  Vortom.  Below  the 
\j>jA',n  CI'iv  tfivre  is  a  p:-:-!  ^ij-:<ure  cf  the  formation  known  as 
th«:  ''Wv/wir;}!  an-l  R»:a«iin;:  Be3<.**  here  aVout  50  feet  thick,  and 
'iivjfcih!':  into  tliiee  f^arts — rhe  uprermost  c»:^r.5istine:  almost  wholly 
of  vario'i'-.Iv  C'louro-I  m'-tTl^'I  i'h>tit?  olav<.  oftrn  used  for  the  man  a- 

»  J.  a 

fj^T'rjr':  of  conmi'-n  p.'Uerv  waro.  ar.-l  aU-ut  25  feet  thick:  the  middle 
of  li;.4jt-^yi]oiin:d  pands.  more  tlian  12  tVet  thick,  and  with  a  thin  hed 
of  pfil^;  \t\n\>\\'yr^(:\  dnv,  which.  on  bt-in<:  split  alon|j  the  lines  of 
1ariiiri;xMon.  ofrr^n  di^r;lo'«'^s  improssi-.^ns  of  leaves  :  and  the  lowermost; 
known  a**  th'j  •' Wtvni-b<;d,"  ab-ut  12  feet  thick,  and  consisting  of 
d/'irk  bliiisli-^*^:y  larninjtted  clay,  with  gjeen  sand,  flint  pebbles, 
fch''irkrt'  t'rotli,  oysti-r  f^lif-lls,  and  rare  impressions  of  smaller  shells, 
U^sidoH  tho  remains   of  microscopic  animals,  found  by  Professor 

'  Remarks  nn  the  Section  at  Shaw  Clav  Pit,  and  its  relation  to  the  Geology  of  the 
riintrict.  A  ficld-lccture  given  by  W.  NVhiukcr,  B.A.,  F.G.S.,  of  the  Geological 
.Survey. 
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MMi.  At  the  haw  tben  an  uwom  aagnlar  flinty  with  fhair  mahtm  eolotmd 
reen,  Ijiog  on  the  lowest  formatioii  of  the  neighbourhood,  the  Upper  Chalk,  or 
hite  chalk  with  flinti^  the  top  of  which  is  in  this  section  riddled  with  inudl  tnbnlar 
allows,  that  haTO  been  filled  in  with  the  green  sand  of  the  oTerlying  bed. 
Attention  was  then  drawn  to  the  particnlar  beds  that  should  be  searched  for  fessil% 
imely,  the  basement-bed  of  tiie  London  Clay,  the  ^  leaf-bed,"  and  the  bottom-bed 
r  the  Woolwich  and  Reading  Series,  and  the  chalk;  and  the  speaker  expressed  a  hope 
lat  local  obserrers  wonld  constantly  risit  the  section,  in  order  to  preserve  whaterer 
ledmens  might  be  fonnd,  and  to  record  the  bed  from  which  each  had  been  got. 
The  geological  conditions  of  the  three  formations  shown  in  the  pits  were  touched 
1 ;  the  lowest,  the  Chalk,  giring  evidence  of  having  been  deposited  in  a  very  deep 
«;  the  next  above,  the  Woolwich  and  Reading  Beds,  being  on  the  contrary  of 
lallow  water  origin,  whether  in  the  state  of  almost  nnfossiliferons  mottled  clays  and 
inds,  as  in  this  neighbourhood,  or  that  of  the  flnviatile  deposits  that  replace  these 
ottled  days  to  the  westward  (Kent) ;  and  the  London  Clay  again  pointing  to  a 
seper  and  a  rather  wanner  sea,  although  the  abundant  plant  remains  that  sometimes 
xnr  in  it  show  that  land  must  have  existed  at  no  very  great  distance  during  its 
ipcrition  at  such  places. 

In  the  third  place,  the  relation  of  the  section  to  the  general  geological  structure  of 
le  district  (which  forms  part  of  the  **  London  Basin  ")  was  described,  and  by  means 
r  sections  (kindly  brought  by  Professor  Jones)  the  position  of  the  Bagshot  Beds, 
hich  overlie  the  London  Clay  at  no  great  distance,  was  shown,  as  also  the  uprise  of 
pper  Greensand  from  beneath  the  Chalk  at  Kingeclere.  The  other  points  noticed 
ere :  (a)  the  uniformity  of  the  Chalk  over  a  large  area ;  {b)  the  varying  nature  of  the 
ext  series  of  beds ;  (c)  the  uniformity  of  the  London  Clay,  and  its  westerly  thinning 
iray  from  400  feet  near  London  to  less  than  100  feet  at  Newbury,  and  to  nearly 
3tldng  in  an  outlier  near  Marlborough,  where  it  is  represented  only  by  the  layer  of 
sbhles  at  the  bottom ;  {d)  the  occurrence  of  beds  of  gravel,  of  late  geological  age, 
rer  the  various  formations,  firstly  as  cappings  to  many  of  the  hills,  and  secondly 
lewer)  as  deposits  along  the  valleys,  like  those  in  which  '*  flint  implements"  that 
lUSt  have  been  made  by  the  hand  of  man  have  been  found  elsewhere ;  and  {$)  the 
ist  geological  formation  of  the  neighbourhood,  the  peat  and  shell-marl  of  the  Ken- 
et  The  fbrmadon  of  ** pipes"  or  hollows  in  the  chalk,  by  the  dissolring  away  of 
lat  rock  by  carbonated  water,  was  also  alluded  to. 

Lastly,  it  was  pointed  out  that  the  present  surface  of  the  ground  was  owing  to 
enndation,  or  the  wearing  away  of  the  various  beds,  the  present  outcrops  of  which 
ere  by  no  means  their  original  boundaries,  for  they  must  once  have  spread  far  be- 
ond  where  they  are  now  to  be  seen.  Evidence  of  this  is  given  in  the  case  of  the 
lOndon  Clay  and  the  Reading  Beds,  by  the  occurrence  of  **  outliers,"  or  detached 
lasses,  miles  away  from  the  main  mass,  with  which  they  must  once  have  been 
^nnected.  In  the  case  of  the  Chalk,  the  former  extension  is  shown  by  the  occur- 
mce  of  masses  of  flints,  comparatively  unworn,  at  great  distances  from  the  nearest 
lialk  now  left.  The  former  continuity  of  the  formations  in  the  London  Basin,  with 
le  same  formations  in  the  analogous  district  known  as  the  **  Hampshire  Basin," 
ras  shown  by  means  of  the  diugrams.  us  well  as  the  disturbances  that  had  thrown 
3e  two  areas  mto  their  present  turm  and  brought  the  various  bt^is  within  r^ach  of 
le  denuding  f  >rces.  The  agents  of  tliis  denudation  were  firstly  the  sea,  which  had 
laned  down  the  beds  to  a  more  or  le^s  level  surface,  and  secondly,  the  actions  now 
oiog  on  over  the  surface  of  the  land  by  the  means  of  atmospheric  disintegration,  or 
eatheiing,  uf  ruin  and  of  rivers;  actions  which,  from  being  for  the  most  pan  of  a 
radnal  character  and  every  day  before  us,  are  liable  to  have  their  power  much  uuder- 
ited,  though  wheu  careiiuly  investigated  they  are  seen  to  be  most  powerful,  and 
ble,  in  the  course  of  long  periods  of  time,  to  effect  very  great  changes. — From  tha 
Jni'bury  Weekly  Newsy  X^o.  2tf7,  October  10th,  1872. 
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THE  NEW  WOODWABDIAN  PBOFESSOB  OF  QEOLOGY  FOB  CAMBBIDOI. 

The  electioti  of  a  successor  to  the  late  Professor  Sedgwick  ms 
held  on  the  20th  February,  when  Mr.  Thomas  M'Eennj  Hughes, 
M.A.,  of  Trinity  College,  was  chosen  by  a  majoiity  of  seven.  By 
a  statute  of  the  University,  the  election  must  take  place  within  one 
month  from  the  vacancy  being  declared.  No  fewer  than  nine  candi- 
dates had  issued  applications  to  the  electors  who  were  the  members 
of  the  Electoral  Holl,  consisting  of  the  Heads  of  Houses,  Professors, 
University  Examiners,  and  resident  members  of  the  Senate.  The 
candidates  were  as  follows:  Rev.  0.  Fisher,  F.G.S.,  Rev.  T.  G. 
Bonney,  F.G.S.,  and  Messrs.  T.  M*K.  Hughes,  F.G.S.,  and  A.  H. 
Green,  F.G.S.  (Cambridge),  Rev.  P.  B.  Brodie,  F.G.S.,  Mr.  W.  Boyd 
Dawkins,  F.R.S.,  and  Mr.  T.  H.  G.Wyndham,  F.G.S.  (Oxford),  Prof. 
Morris,  F.G.S.,  and  Prof.  Martin  Duncan,  F.R.S.  (London).  Several 
of  the  candidates  retired  before  the  election,  and  the  contest  was 
virtually  between  the  Rev.  T.  G.  Bonney,  M.A.,  Fellow  of  St.  John's 
College,  who  has  resided  constantly  since  taking  his  degree,  and  is  a 
noted  member  of  the  Alpine  Club.  Prof.  Morris,  who  acted  as 
Deputy  to  Professor  Sedgwick,  received  one  vote  (Prof.  Morris  bad 
however  retired  two  days  before) ;  and  the  Rev.  Osmond  Fisher,  of 
Jesus,  obtained  four  votes ;  but  it  is  only  right  to  state  that  he  re- 
tired within  the  first  half-hour  of  the  polling.  The  hours  of  polling 
were  between  1  and  2*30  p.m,  and  it  was  conducted  with  mudi 
animation,  over  200  of  the  electors  i-eeording  their  votes,  those  who 
did  not  vote  being  principally  non-resident  Examiners.  At  half-past 
2  the  Vice-Chancollor  declared  the  result  of  the  poll  to  be  as  follows : 
— Hughes  112,  Bonney  105,  Fisher  4,  Morris  1. 

He  thereupon  declared  Mr.  Hughes  duly  elected,  and  that  gentle- 
man was  formally  admitted  to  the  Professorship. 

The  new  Professor  is  a  member  of  Trinity  College,  where  he 
graduated  as  B.A.  in  1857,  and  ten  years  later  proceeded  M.A. 
While  an  undergraduate  ho  was  an  associate  of  the  Ray  Club,  and  a 
constant  attendant  at  Professor  Sedgwick's  lectures.  After  taking 
his  Bachelor's  degree  he  was  engaged  in  tuition  for  two  years,  and 
at  the  commencement  of  the  year  1860  went  to  Rome  in  the  capacity 
of  Secretary  to  Her  Majesty's  Consul,  and  was  left  as  Acting  Consul 
during  the  summer  of  that  year,  when  he  took  the  opportunity  of 
studying  the  sub-Apcnnine  formations,  and  made  a  collection  of 
fossils  from  them,  and  also  from  the  more  recent  deposits  of  the 
Valley  of  the  Tiber.  In  1861  Sir  Roderick  Murchison  nominated 
him  upon  tlie  Geological  Survey,  upon  which  he  has  served.  He 
has  been  engaged  also  in  various  foreign  tours  with  Sir  Charles 
Lyell.  He  has  mapped  for  the  Geological  Survey  parts  of  the 
counties  of  Kent,  Hertford,  York,  and  Westmoreland,  and  has  pub- 
lished various  papers  on  geology,  printed  among  the  G^logical 
Society's  "Proceedings,"  and  in  the  Geotx)gical  Magazine.  He  is 
also  a  contributor  to  '*  Nature  "  and  otlier  scientific  publications. — 
(Partly  taken  from  The  Times,  2l8t  Feb,,  1872.) 
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I. — Oh  Halohia  of  Lindlst  and  Htjtton  and   Ctolocladia  of 

QOLDENBERO. 

By  William  Carbuthebs,  F.R.8., 
Of  the  British  Muieam. 

(PLATE  VII.) 
rnHE  genus  HaUima  was  established  in  the  Fossil  Flora  (vol.  ii., 
I  p.  13)  by  Lindley  and  Hutton  for  those  fossils  in  which,  to  the 
mr&oe  of  Lepidodendran,  is  added  the  mode  of  branching  of  certain 
Comfnw,  and  which  were  therefore  inferred  to  be  of  a  nature 
•ludogous  to  the  latter.  It  was  assumed  that  Lepidodendron,  being 
im  extinct  form  of  Lycopodiacece,  must  be  limited  to  the  fossils  in 
iriiidi  the  branching  was  dichotomous,  since  no  other  kind  of 
branching  is  met  with  in  recent  Lycopodiacea.  But  when  we  look 
ttt  Booli  plants  as  Lycopodium  cemuum  and  L.  densum^  we  find 
Inanching  precisely  similar  to  that  in  Ilalonfa  gracilis,  L.  and  H. ; 
and  whether  these  were  produced  or  not  by  the  division  of  a  termi- 
^  nal  bud,  it  is  certain  that  in  their  developed  condition  they  are 
'  arranged  in  an  alternate  manner  round  a  common  elongated  axis — 
a  plan  of  branching  characteristic,  as  the  authors  of  tlie  Fossil  Flora 
anpposed,  of  ConifercB. 

Whether  this  plant  be  Lycopodiaceous  or  Coniferous  however, 
the  genus  was  accepted,  and  has  been  retained  by  subsequent 
BTiBtematists.  Lindley  and  Hutton  figured  a  second  species,  to  which 
Wey  gave  the  name  IT.  regularis  (I.e.  plate  228)  ;  and  a  third  fossil 
tfaey  referred  with  doubt  to  tho  same  genus,  IL  ?  tortuosa  (I.e.  plate 
86).  In  the  description  of  the  latter  fossil  many  conjectures  are 
thrown  out,  but  no  accepted  interpretation  is  adopted. 

Brongniart,  in  the  unfortunately  incomplete  second  volume  of  his 
''Histoire  des  Vegetaux  Fossiles,"  (1837)  figures  (plate  xxviii.,  fig.  2) 
a  characteristic  specimen,  on  a  portion  of  which  the  film  of  coal 
xemains,  with  indications  of  the  loaf-impressions.  Tho  letter-press 
to  this  plate  was  never  published.  Tho  genus  is  shortly  described 
by  Brongniart  in  his  "Tableau,"  (1847),  and  the  tubercles  which 
distinguish  it  are  described  as  being  covered  uniformly  with  the 
common  bark  and  the  leaves  which  spring  from  it,  and  are  considered 
by  him  to  be  like  what  would  be  produced  by  roots  which  had  not 
passed  through  the  bark. 

Mr.  Dawes,  in  a  short  paper  communicated  to  the  Geological 
Society  in  1848,  described  the  internal  structure  of  Halouia.    ^«fe 
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yrr-  W  iccesnnce  3x07  imfiiara  i  r^Lincnaazp  n 
"Piiif  -.cmicn  It*  xTZLnisicasfi  t.  Zt.  Hxc^ir  icparvotlT  xa  mon 
:4!itfi*ti  -^rrxu  -r.iir.  'ia  suzmzj^  zl  2:3  rizhlfaaai  parer:  and  Dr. 
H:«:«ir.  iz.  2Ji  Tit*minr  :n.  ±je  ^V-ac»ac:«nL  :f  diis  CarboBi^HOOi 
P*rj;tL  *  yirxxa.  bur  Tir-ri  ctsc  aizncn.  iii  view  of  the  nanne  of 


T^  :ha::  Fiasl  B^icanT  :w;!s  to  mail  &  'iecc  Gc  Mr.  D^wk.  Tbe 
ioi'.r:  rac«a9  v^iicc.  'za  baa  rociiiKueti  «uibcs  a  Aietifir  of  obia* 
nSi'.ii  ui*!  ieicrt=cii:c  iz>i  k  ji^sc  tzcratfiiurcc  jzxd  izis«pTCCadoa  of 
•h«  §crii:rrr»  icaerr^ii  wzjic.  ir»  -:•:  nre  12.  shut  papers  on  thii 
•si'-'-ict  E^'i**  "ie  mrer  wricc.  I  Lit*  :-ocaL  I  woold  Inrtiier 
r»f:rr  ^:   iia  tu-:;!?:  1-r  meci'ic'   m  Cs.'>x  .iii^ifs.   vnich.  is  ia  to  be  n- 

yj^iz^-x,  iz,  his  -  T^rchix :  cil*?!if :  rr?;isfoc.  m.  Saeham.**  il835\  i«- 
f*rr«5ii  Li- i^T  in-i  H":~:c.*«  Bi:fcir>irf»iir-'«i  p«»et<iftni  Foonl  Floia, 
plaa»  *«;-?l  :o  J^i.-iw.  r-rerlxkir^  the  'ii^erence  becwcoi  the 
larz»  s^micexi  icar!  zi  ^h-r  :Tie  -  m-i  :h»r  9CL:&IIer  cnbenmlor  elevmtioiis 
fa  tL*  :^-*r.  C^^e  :f  bi«  drrrw  is  if  rr«as  impcrtuice.  bat  to  this 
I  ^hall  ic^n  return.  He  rr:r<«eti  a  aex^cd  species^  J9?  irrtymUtru, 
■■  tar..  IT.  Sz.  5  :  bnr  die  frir='rct  :n  whioh  it  ia  baaed  appears  to  me 
to  te  a  pi«e  :f  jr.e  -rf  th-*  ••^cr^'enrs  of  the  lar^  C^-meoson 
CTzsTVKaJi  :.:•  wr.:«:h  .J:r!i2.  rive  :he  ninie  -rf  Artkrtypfe^ra  mrmaia} 
I  have  d:*  aiithrritj  of  =:t  -xllea^e.  Mr.  EL  Wooiiwoni,  whoee 
lahy.nrs  ir*  Treli  known  in  iLf*  'i:vi<i:n  :f  the  Animal  Kingdom,  for 
iajinr  that  he  agreir«  wi:h  tne  in  thi*  or:nf-?n. 

G':!  ienV'^rz'.  in  the  same  year,  p'^blishei  the  first  part  of  his 
•'•  n  \T\  rj.'irTtr'  ntana  F^ssilis/'  which  wctained  a  nxde  vet  instnctiTe 
'irawifiZ  ■.:  Hii:ni*i  pi.  iii.  fiir  12  .  In  his  description  he  refers  to 
thf:  •-rriAil  nc^T^  s\si  pr«>laced  bv  the  leaves,  and  the  larger  scars  is 
Y^VjTizir*^  to  other  onrans.  the  nature  of  which  he  does  not  specify. 
The  l^af  scan-  were  rhomb? iiial.  and  in  all  p«?ints  agreed  with  those 
of  J^.pido*ipndrr/n,  *:>  that  he  th-jught  it  probable  that  the  specimens  of 
JTaU/nia  w*;re  no  more  than  branches  of  known  s^^ecies  of  Lepido- 
d^tndron.  Ili^  fiCTre  shows  a  biforcating  specimen,  with  the  portion 
of  the  fitrm  Vielow  the  branch  exhibiting  only  leaf  scars,  and  the 
tnb'.-rclfrs  ooourring  irregularly  on  the  branches-  These  tabercles  he 
f]f:Mr^i\/f:fi  t^.  having  a  continiioas  coverinc  of  bark,  which  is  marked 
with  leaf  j-car?,  and  he  consequently  thinks  them  due  to  aborted 
bran  oh  es  that  have  not  penetrated  the  bark.  This  author  gives  on 
th'j  Hame  plate  a  figure  of  a  large  stem  of  LepidophloioB  laricinum, 
?if/;mh.,  w}»ich  I  believe  belongs  to  the  same  plant,  as  does  also  the 
«ji'!dmen  fij^in:d  under  the  name  Ulodendron  Aexuofum,  Goldenh 
/fil.  ii.  fig.  10;,  which  shows  the  rhomboid  leaf  scars  and  a  double 
M!rie»  of  conioJil  protuberances,  not  depressions  as  in  UlodendroiL 
It  JH  further,  I  think,  probable  that  the  leaves  /pi.  iii.  fig.  13),  to 

>  S<:<;  Memoir  on  Clodendron,  Monthly  Microscopical  Journal,  March,  1870. 
*  Hf:*;  tjMOL.  Mao.,  March,  1873,  p.  1U7. 
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which  the  name  LqfidophUnaa  lepidophyUifoltum,  Goldenb^,  is  given, 
are  the  foliage  of  the  same  plant  Theve  oan  be  no  doubt  as  to  the 
foflsil  on  which  he  foimded  hb  genus  Cydodadia  ^  being  an  imper- 
fectly pfeserred  Halania.  As  Gtoldenberg  did  not  observe  any  scar 
at  the  apex  of  the  tulierdes  in  his  specimen  of  Halania,  this  rounded 
Bcar,  which  is  very  obvious  in  the  fragment  called  by  him  OydocUidia, 
is  made  the  principal  distinctive  character  of  the  supposed  new  genus. 

Eichwald  has  figmred,  in  his  "Lethaea  Bossica,"  (1860),  a  re- 
markably fine  specimen  of  a  bifurcating  branch  of  HaUmia 
regfdaris,  Lindl.  and  Hott.,  showing  on  the  amorphous  cast  which 
fills  the  cavity  the  two  sets  of  scars,  and  in  the  mould  in  the  rock 
exhibiting  in  a  very  perfect  condition  the  rhomboid  marking  of  the 
bases  of  the  leaves.  The  larger  tubercles  he  figures  and  describes 
(voL  i.,  p.  149)  as  being  composed  of  six  to  eight  smaller  ones, 
arranged  together  in  a  radiating  manner,  and  havmg  an  open  pore  in 
the  centre,  through  which  passed  the  vascular  bundle,  to  the  leaves 
which  Eichwald  supposed  were  borne  only  on  the  large  tubercles. 
The  smaller  tubercles,  which  are  symmetrically  arranged  globular 
swellings  on  the  interned  cast,  were  not  noticed  by  Eiohwald  to  have 
any  indications  of  the  vascular  bundle  which  passed  through  them. 
The  rhomboidal  scars  so  well  marked  on  the  mould  in  the  rock 
he  considers  to  have  suj^rted  scales  which  densely  covered  the 
whole  surface  of  the  stem.  In  placing  the  genus  in  the  Lepido- 
dendrea,  he  distinguishes  it  from  Lepidodendron  by  its  having  the 
leaves  placed  upon  large  tubercles. 

In  a  memoir  on  the  Coal-plants  of  Westphalia,  published  in  the 
eighteenth  volume  of  Bunker's  **  Palaeontographica,"  (1868),  Von 
Roehl  supposes  that  the  tubercles  may  have  supported  fruits ;  and 
this  view  is  also  adopted  by  Schimper  as  the  interpretation  of  the 
tubercles,  if  they  are  perforated  by  a  vascular  bundle,  as  Eichwald 
described  (Traite  de  Paleontologie  Vegetal e,  vol.  ii.,  p.  53.     1870). 

Omitting  the  works  of  the  systematists  who  have  added  nothing  to 
our  knowledge  of  these  plants,  we  come  to  a  valuable  paper  by  Feist- 
mantel  on  the  Coal-plants  of  Kralup  (1871),  in  which  he  investigates 
the  nature  of  Halonia,  and  gives  three  plates  of  casts  of  specimens. 
He  points  out  the  importance  of  the  vascular  scar  in  the  centre  of  the 
tubercle,  and  considers  it  to  indicate  probably  an  articulating  surface. 
But  the  great  importance  of  his  paper  is  the  determination  that  the 
leaf  scars  of  Halonia  regvlaris  were  the  same  as  those  of  Zepidoden- 
dron  laricinuniy  Stemb.,  and  he  therefore  concludes  that  these  two 
plants  stand  to  each  other  in  the  closest  relationship,  if  they  be  not 
indeed  one  and  the  same  plant  (p.  30). 

The  latest  memoir  on  this  subject  is  that  by  Mr.  Binney,  published 
by  the  PalsBontographical  Society  (1872).  This  is  chiefly  devoted  to 
the  description  of  transverse  sections  of  specimens  exhibiting  struc- 
ture. The  drawing  and  description  of  Mr.  Dawes  are  confirmed  by 
the  beautiful  illustrations  which  accompany  this  paper.     Notwith- 

>  Goldenberg  oTerlooked  Lindley  and  Hutton's  earlier  use  of  this  name  for  a  frag- 
mentary fossil,  which  I  have  shown  to  be  the  part  of  a  Calamite  stem.  See  Woodwurd's 
•*  British  Fossil  Crustacea  of  the  Order  Merostomata,"  part  iv.,  p.  l^ft,  r«A..  ^<it.. 
voL  ixYi.     1872. 
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standing  the  accumulation  of  evidence  «8  to  the  foliar  appendages  of 
Haloniay  Mr.  Binney  not  only  completely  adopts  Mr.  Dawea*  sug- 
gestion as  to  the  root-nature  of  this  fossil,  but  he  comes  to  the 
conclusion  that  Halonia  regvlaris  is  the  root  of  Lepidodemdrou 
Harceurtiu 

Scarcely  any  two  authors  have  hitherto  agreed  as  to  the  interpreta- 
tion of  these  fossils.  Lindley  and  Button  considered  them  to  be  Con- 
iferous.  They  have  since  been  invariably  placed  among  the  Cryptogams. 
Dawes  and  Hooker  supposed  they  might  be  Lepidodendroid  roots, 
while  Binney  maintains  they  are  roots  of  L^dodendran  Hareauriii. 
Eichwald  thinks  the  stems  were  closely  covered  with  scales,  and 
that  the  true  leaves  were  borne  on  the  tubercles,  while  Brongniart 
considers  that  the  smaller  scars  were  true  leaves,  and  the  tubercles 
rudimentary  roots  which  have  not  yet  penetrated  the  bark ;  Golden- 
bcrg  that  they  were  aborted  branches,  and  Von  Roehl  and  Schimper 
that  they  were  the  points  of  attiEU^hment  of  the  fruits.  And  lastly 
Fcistmantel  is  almost  certain  that  HalorUa  has  no  existence  as  a 
genus,  and  should  be  incorporated  in  Lepidodendrtm. 

To  appreciate  the  meaning  of  the  fossils  included  under  the  name 
Maloniay  one  must  first  realize  the  internal  structure  of  the  stem,  and 
the  progress  of  decay  and  fossilization  in  the  dead  plant.  The 
observations  of  Mr.  ikwes,  in  the  paper  referred  to,^  establish  that 
the  organization  of  the  stem  agrees  with  that  of  Lefidode»dran^  and 
consequently  consists  of  an  axis  composed  externally  at  least  of  sctdari- 
form  tissue,  surrounded  by  a  considerable  thickness  of  delicate  paren- 
<3byma,  which  gradually  alters  outwards  into  the  regularly  arranged 
and  thick- walled  proscnchyma  of  the  bark.  On  the  death  of  the  plant 
the  delicate  paronchyma,  forming  the  inner  portion  of  the  cortical 
tissues,  first  decayed,  llic  axis  enveloped  in  this  soft  mass  followed, 
and  last  of  all  the  more  enduring  external  bark.  The  more  common 
specimens  of  Haloiiia  are  amorphous  casts  of  the  interior  of  the 
cortical  layer,  which  exhibit  on  their  surface  the  elevated  tubercles, 
as  well  as  the  small  punctiform  scars,  of  the  leaf  bundles.  Frequently 
these  latter  scars  are  placed  at  the  apex  of  a  litUe  tuberole ;  this  has 
been  produced  by  the  substance  of  the  cast  penetrating  the  small 
passage  in  the  outer  bark  through  which  the  vascular  bundle  passed. 
The  parenchyma  which  surrounded  and  accompanied  the  bundle 
having  decayed  had  left  an  empty  cavity  which  was  easily  filled  from 
the  interior.  -  The  Knorria  condition  of  normal  Lepidodendroid 
branches  and  stems  is,  as  I  have  elsewhere  explained,^ precisely  similar 
to  tliis  state  of  Ualonia.  TIiq  specimen  with  the  remarkably  regular 
tubercles  figured  by  Lindley  and  Huttou  (''Fossil  Flora,"  pi.  228) 
as  //.  regtdaria  is  in  this  condition,  as  well  as  Binuey's  specimen  of 
ihe  same  (Palseontographical  Society,  1872,  pi.  xviii.),  and  that 
figured  on  the  accompanying  Plato  at  Fig.  2. 

Where  the  specimen  was  buried  in  shale,  the  bark  is  generally 
oonverted  into  coal,  and  exliibits  the  appearance  of  the  specimen 
drawn  in  Fig.  3  of  the  Plate,  where  the  leaf  bases  aro  seen  on  the 

^  rropared  sections  of  Ualonia  in  the  British  MuBeum  confinn  the  ohservadoiif  of 
"Hr.  Dawrs. 
*  Journal  of  Botany,  toI.  Tii.  (1869),  p.  163,  plate  93. 
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BQrfaoe.  Bat  when  the  specimen  has  been  buried  in  a  sandstone,  all 
trace  of  tbe  fibre  of  vegetable  substance  which  once  existed  has  been 
remoTed,  bj  the  slow  combustion  that  has  gone  on  through  this 
porous  rock,  and  which  was  impossible  in  the  impermeable  plastic 
material  of  the  shale.  In  this  case  we  find  the  cast  of  the  interior  as 
in  the  first  condition  described,  but  lying  loose  in  the  mould,  and  the 
peculiarities  of  the  exterior  exhibited  <m  the  mould.  Sometimes 
these  exterior  markings  are  the  counterparts  of  the  imbricated  leaf 
bases  shown  on  the  fragment.  Fig.  3  of  the  Plate.  This  is  the  con- 
iition  of  the  specimens  on  which  FeistmanteVs  important  observa- 
tions were  based,  and  which  are  figured  by  him.  More  frequently, 
liowever,  the  markings  in  the  mould  are  rhomboid,  as  in  the  bifurcating 
specimen  figured  by  Eichwald  (''Lethsea  Bossica,"  pi.  xi.),  and 
reproduced  by  Sdiimper  (Traite  Pal6ont  Veg-,  pi.  IxvL),  and  of  the 
principal  figure  in  our  Plate. 

To  understand  the  meaning  of  these  two  different  kinds  of  external 
Impressicxis,  we  must  recall  the  aspect  of  the  surface  of  LepidopUoioa, 
w^hich  has  been  shown  to  be  that  of  HcUonia.  This  generic  group 
w&s  separated  by  Sternberg  from  I^idodendron,  because  of  the  long 
persistent  bases  of  the  leaves  which  clothed  the  stem  after  the  lec^ 
iiad  fallen  oK  The  difference  between  the  two  genera  is  the  same 
is  what  is  found  among  the  stems  of  some  genera  in  recent  (h^cadem, 
[n  CyccLs  the  leaves  separate  at  the  surface  of  the  stem,  while  in 
EncephcUarios  the  articulation  is  at  some  distance  from  the  stem, 
which  is  thus  permanently  clothed  with  the  bases  of  the  leaves. 
llie  fall  of  the  leaf  is  owing  to  the  formation  of  a  transverse  layer  of 
sells,  which  cuts  off  the  petiole  by  a  regular  septum,  leaving  a  clear 
acar  of  a  uniform  character  in  eacli  species.  In  stems  of  Eaiicephalartas^ 
w^hich  are  dead  and  completely  desiccated,  the  persistent  leaf  bases 
may  be  easily  broken  away  at  the  place  of  their  attachment  to  the 
stem.  The  scar  thus  produced  is  very  different  from  that  shown  on 
the  outer  articulating  surface  ;  it  is  a  rhomb  with  the  margins  closely 
applied  to  the  surrounding  scars,  and  the  surface  of  the  scar  itself  is 
without  any  markings  except  those  depending  on  the  accidents  of  the 
fracture. 

In  Lepidodendran  the  leaf  scar  is  employed  te  separate  the  species, 
md  it  appears  to  supply  characters  which  are  constant,  and  conse- 
:juently  of  real  value,  as  one  would  expect  from  the  analogy  of  recent 
plante;  but  it  is  obviously  necessary  te  secure  the  true  oicatrix  in 
3rder  te  determine  these  characters.  A  large  number  of  false  species 
^f  Lepidodendron  have  been  established,  chiefly  upon  slight  differences 
in  the  form  of  the  leaf  base,  without  regard  to  whether  the  true 
rarfaoe  of  the  scar  is  being  examined  or  not.  Take,  for  example,  the 
fossils  placed  in  the  genus  Bergeria,  which  Presl  established  to 
receive  Lepidodendroid  stems  witli  contiguous  rhomboidal  leaf  scars, 
perforated  at  the  apex.  Unger  and  others  retain  this  genus,  but 
Schimper  places  the  species  at  the  end  of  Lepidodendron^  as  ''  incertse 
ledis."  None  of  these  fossils  with  which  I  am  acquainted  exhibit 
uiy  well-marked  cicatrix,  but  are  like  the  scars  on  the  principal 
Item  of  Figure  1  of  our  Plate.    The  mark  of  the  \a&c\]i\akt  \>\]iX^^^  *\% 
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zrj^i  wr  AaHHii.  E^i.  r.«i-5^   :c  C«rrr£    Tl»  c«ier  nz&oef  of 
'^r  ^«er^f:eE.t  fzJina:^  t*Bc«  of  lae  jarr^s  ss«  v«Il  dKJwn.    On 

icf  the  bnndL 
j1  eDd  dc'Wnwmids. 
A  lit  S::Krix  S«  -r-sj  szijII  a:ciiAr£t£  vr2.  ;^  exposed  jionkpn  of 
^T  I-sfcf  :*«•-  CI  is  ftKc.  -^^i  :»3C5r:  J  zclij  ibr  i:**r  ang^  Tlul  the 
Ikrrt  rirpsd^c  w;r&  d:^ps«*i  ^^  lamt  bis  Mn  oto-  md  cm 
4siii.  scckffvi.  &=:!  is  w^eZ  fi*i:*ir^  ir  sis  f^ecczaen.  One  of  the 
n-.-rrr'-M  ss  r5rrs5-=*>i-i  ii  ITr.  4  re  :ae  Fitfe.  Tie  upper  letTee 
l&'T?  :^^c  TSZATT-rtL  re?  k  =ie&r>  ^icj^koe  czrc^  ii  K«n  sarnwBdmg 
:L^  oxifi.  ft=ei  ib=de  L&Te  &  drv^viri  iiTsco-n  »  en  die  hmib 
r.r^^-.iL  Tbe  Kr*=r£f«  vbz.  v^  preosred  ^?w  %  perfontaon  in 
-^e  iitex-  dj^cz*  irikl  ft  Ijrer  T«i?ilftr  tcr-ik  Lk  puMd.  The 
trr-ai^rZL*!:!  :.f  "lb*  le*:  rdt«^  ftiri  tb*  fcTm  cf  the  Wf  scan  on 
'Us  xT<«:i^-^ii  *£r^  exAC^T  wiil  ZffftS.-^i.'jiM  IdrimsiL  nnd  oon- 

sej'xr.iZT  o:ti£ite.  il-e  c::*ij=as:-3i*  ::  FfeLgr-.ftrv-^  

i  ill  iiiiTK«  <:r  tLr  £&r  sf^ctciagi:  :>iT':«senieii  in  PL  Vll.  Fig.  1, 
r:  Sir  PL  ie  M.  Gr^j  E^non.  Eatl,  cf*wbc«e  exteBsre  colkcdon 
i:  i.TZLKfi  ft  f4it.  Ii  is  ciw.  It  Lis  lilKnCiTr.  plftc«d  in  the  British 
M'^se-izi:.  Tbe  dnwin^  x^'res^nis  a  cis:  akesi  £p?in  the  moold,  and 
ei'sfbst*  wLa:  was  iLr"  extemil  n:r:Vie  <*f  ie  plant  when  it  was 
ii.c-1  '.-sec  in  the  sazsd^rone  r:ck  which  fr-ms  ihe  matrix.  This  aped- 
7t.r:ZA  c:i:£nns  the  c-C'^errftxir'n  of  <>?IiirBbe7^.  that  a  Salcmia  biandi 
21. ij  ^row  v:it  of  a  Lipid >ie\dr:'%,  izj  here  we  have  the  stem  of  an 
xiu'L'.^ulAed  Bergeria  ^viRgofT  an  e«:^TiaIlT  well-marked  BmJomia,  But 
tLe  rhomboid  scars,  as  we  have  alrc4dv  observed,  want  the  true  marks 
of  a  cicatrix,  like  that  seen  in  g-»i  species  of  Zeji'Afirti  Jiva.  They  are 
obvivTisly  the  scars  pr>^C'?ed  by  the  sep&radon  of  the  persistent  leaf 
bas^s  a:  the  snrfaoe  of  the  stem.  I  hsd  arrived  at  this  conclRsion 
afVrr  a  f^»T*:hi\  examination  of  a  large  series  of  specimens,  and  of  all 
the  published  drawings  to  which  I  cx:>ald  refer,  and  I  was  specially 
dfrlijfhted  when  I  found  that  Geinitz  had  figured  a  specimen  whi<^ 
fy/Ti  firmed  mr  conclusion,  though  he  had  nc^t  observed  its  importance. 
Tlift  ao^mpanying  w.jodcnt  is  a  facsimile  of  a  portion  of  his  figure  of 
JJalonia  puMiaia,  Gein..  from  plate  iii..  fig.  16.  of  his  "  Steinkohl.  in 
Hv.hfc."  The  cortex  and  leaf  bases  are  converted  into  ooal,  as  in  the 
*j>:';imen  rf?ppe«ented  in  Fig.  3,  Plate  VII. :  but  the  amorphous  cast 
of  tb*j  azM  is  removed.  The  rocky  matrix  exhibits  the  form  of 
leaves  of  Lepid<^kloio€j  the  middle  layer  shows  the  ihombMdal 
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•oars  of  Btrgtria,  and  the  upper  or  inner  Bur&ioe  tlie  otoI  openings 
in  the  inner  bark,  throngh 
which  the  vascular  bnndlea 
passed  to  the  leaves.  This 
one  specimen  combines  in 
itself  all  the  forma  under 
Nvhioh  Btdonia  is  found. 

The  first  result  of  this 
determination  is  to  show 
that  leaf  scars  which  are 
not  those  of  the  articulating 
surface   are   worthless   for 

basing  diagnoses  upon.      Some  forma  of  Bergeria  are  forms  of 

Zepidophloiosi  others   belong,   as   I  have  observed,   to   species  of 

Z^dodendroa,  in  which  the  leaf  cushions  are  somewhat  tumid. 

Bergeria  then,  and  all  species  or  genera  based  on  scars  which  do 

not  show  the  articulating  surface,  must  be  eliminated  from  our  lists. 

And  with  Bergeria  must  go  Halonia  aa  a  separate  genus,  seeing  that 

it  is  only  a  coadition  of  LepiiopTdoiot,  and   it   may  be   of  other 

Iiepidodendroid  plants.     Cyelodadia,  of  Goldenberg,  being  founded 

in  error   on  an   imperfect  specimen  of 

Salovia,  disappears  also  of  course  with  it 
The  group  of  Lepidodendroid  stems 

which  have  lirge  round  or  oval  depressed 

acara  on  their  stems,  and  which  form  the 

genns  I7^odendron,  have  the  riiomboidal 

leaf  scars  of  Bergeria.     I  have  elaewhere 

given  my  reasons  for  considering  these 

large  impressions  to  have  been  produced 

by  aerial  roots.     It  seems  to  me  not  im- 
probable that  JRodendron  may  be  the  main 

stem  of   plants  of  which    Lepidophloioi 

and  Halonia  were  the  younger  portions. 
I  have  no  doubt  that  Halonia  was  a  fruit* 

bearing  branch.     Lepidodendroid  plants 

had  their  fruits  in  the  form  of  cones, — 

that  is  to  say,  of  modified  branches.    The 

falling  of  the  ripe  oone  would  leave  such 

a  scar  as  terminates  all  the  tubercles.  The 

arrangement  of  the  tubercles  is  very  vari- 
able. In  some  specimons  they  are  arranged 

symmetrically,  but  the  same  branch  soine- 

tieies  shows  considerable  differences.  Such 

a  specimen  exists  in  the  Museum  of  the 

Bradford  Philosophical  Society;   it  has 

the  tubercles  somewhat  crowded  at  the 

one  end,  and  few  and  distant  at  the  other. 
A  fine  specimen  from  the  Dudley  Coal- 
measures,  now  in  the  collection  of  the 

British  Museum,  shows  the  nature  of  the  ^aimiafrMiiu.  Lii>dL«a<ia'Ux. 
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brancheB  of  Liadlej  and  Hntton's  origmal  apecdei  of  HoIoMa.  Hr. 
Dawes  conndered  ttie  alt«niate  branches  to  be  raerel;  the  impresaions 
of  the  tubercles  which  chuacterue  the  other  speoiea  of  Hidtmia.  The 
BpecimeQ  I  bete  figare  Bbowv  that  these  lateral  branches  attained 
to  some  length.  In  none  of  Hiem  is  the  natnral  termination  abown. 
The  size  and  form  of  the  scan  at  the  broken  ends  indicate  that  the 
branches  were  prolonged. 

EXPLANATION  OF  PLATE  TIL 
Tut.  1.  Bttm  at  Btrgrria  niing  afi'  ■  branoh  of  Saloiiit  rtfutariM,  IJndl.  and  HdIL 

Drawn,  tTD-tturda  tbe  aatnra]  liie,  from  ■  ipedmen  prcttnled  bjr  Sir  Ph. 

da  M.  Gre;  Egertcn,  Bart.,  to  tlie  Britiih  Miucam. 
Fid.  3.  lolemalcutof  flslonio  re^tifaru,  in  the  condition  towhichGoldenber^gsTg 

tile ntme  Cj/elBcladia.  TwD-thiidinBt.  iiM.  FroBi>ipedRteDmthaBrit.Mui. 
FiQ.  3.  SatmtB  rtgulari;  with  the  leaf  basa  and  icHV  of  ZtpiiopUaiet.     Natml 

■lie.     Prnm  a  ipecimen  in  tho  Britiih  Huwam. 
Fio.  t.  One  of  th«  tnbcrde*  from  Fig.  3,  ihowios  the  pernitent  b»Ni  of  the  Imtm 

■lUTOUadbg  the  labercU. 

n. — Note  oh  TrERjaeis  KxKsr. 

Bj  If  AouTss  Fb,  Eormiot, 

Of  the  Imperial  Academy  of  SeUoeea,  St.  Petanbnrg. 

IN  the  conrae  of  last  summer  I  visited  the  banks  of  the  Dniester, 
in  Podolia  and  Galizio,  where  I  was  fortunate  in  collecting, 
near  Zoleeceyki,  a  number  of  shields  belonging  to  PleragjpU 
{Seapha$pit)  Kneri,  Lank. 

As  I  observed  that  tbe  ahields  of  Pteratpia  and  Beajihatpit  alwaTi 
occurred  together,  I  was  led  to  tbe  conclusion  that  these  shields 
might,  in  all  probability,  belong  to  one  and  the  same  animal, 
Scaphaipis  representiDg  the  ventnd  shield  of  Pleraspii^  in  the  same 
manner  as  in  the  genus  Coeeoiteiti,  which  possosses  both  a  donal  and 
a  ventral  shield. 

Diagram!  of  the  SHielda  of  tbe  tereral  Genera  of  DirsBoiTiucooa  CspaaLAarmx 
(after  Lank  ester). 


Fig.  I.  Seapitupu.  Fg  2    CytUhaipu 

B  =  Ro«tnim,orRo«tral  region    C    Comna,  J}    Central  jj\ 

disc,  or  Dutal  region.  iS=Fo5tenot  spine.      0  =  OibM.  v    \  a 

Fig.  3.  Itcravit. 
[In  order  to  render  Prof.  Schmidt'i  vtewa  more  clear  to  the  readen  of  the  Oio- 
'  Seethe "Placodeimen  del  DeTOniachen  Spteioi,"   bj Pander,  p.  4. 
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LOGICAL  MAOAran,  we  haTO  reproduced  the  aboye  diagram  woodcuts  from  Mr.  E. 
Rat  Lankester'a  excellent  monograph  on  '*  The  Fishes  of  the  Old  Red  Sandstones," 
PaL  Soc  Mon.,yol.  xzi.,  1868,  parti,  p.  15. — Edit.  Geol.  Mao.] 

This  opinion  has  heen  greatly  supported  by  the  late  Dr.  A.  Kunth 
(Zeitschrift  d.  Deutschen  Geolg.  Gesellsch.,  1872,  p.  1),  who  found 
Pteraapis  (or  Cyaihaspis)  in  one  piece,  together  with  Scaphaspis} 

But  I  cannot  agree  with  Eiinth,  who  thinks  that  Pteraspia  belongs 
to  the  Cbustaoba  I  nor  with  Eichwald,  who  supports  the  old  notion 
of  Ejier,  that  Scaphaspis  is  the  bone  of  a  Cephalopod. 

Pteraspis  Kneri  occurs  in  the  uppermost  Silurian  beds  of  Galizia, 
associated  with  Leperditia,  Beyrichia,  Tentaadites  ornatm  and  tenuis, 
Orthonota  rotundaia,  Pterinea  retroflexa,  etc.  It  is  also  very  abundant 
in  the  Bed  Marls  and  Sandstones  covering  the  Silurian  Limestone. 
These  sandstones  represent  the  lowest  stratum  of  the  Old  Bed  Sand- 
stone, and  contain,  besides  PL  Kneri,  remains  of  Pierygotus  and  pieces 
of  ornamented  tuberculated  shields  very  much  resembling  those  of 
Pierichihys  and  Coccoateus.  1  am  satisfied  that  there  exists  in  Galizia 
an  unbroken  succession  of  Animal  life  from  the  Uppermost  Silurian 
strata  to  the  Lowest  Devonian,  just  as  is  the  case  in  the  West  of  Eng- 
land, in  Herefordshire.     (See  Murchison's  ^'Siluria,"  1867,  p.  243.) 

In  perusing  the  valuable  Memoir  by  Mr.  Bay  Lankester  (in  vol. 
xxi.,  1868,  and  vol.  xxiii.,  1870,  published  by  the  Palseontographical 
Society),  I  was  sorry  to  observe  that  a  former  article  of  mine  on  the 
Bussian  Cephalaspidians  (Ueber  Thyeatea  verrucoaua  iind  Cephalaapia 
Schrenkii,  in  Verhandlungen  der  Kaiserlichen  Mineralogischen 
Gresellschaft,  St.  Petersburg,  1866)  had  been  overlooked  by  him. 
In  that  article  I  established  the  new  genus  Tremataapia,  which,  to 
some  extent,  connects  by  its  microscopic  structure  the  genera 
Cephalaapia  and  Pteraapia. 

I  regret  that  I  have  not  any  separate  reprints  of  that  article  re- 
maining, or  it  would  have  afiforded  me  much  pleasure  to  forward  a 
copy  to  the  author  of  "  The  Fishes  of  the  Old  Bed  Sandstone,"  but 
doubtless  the  "  Verhandlungen,"  etc.,  exists  in  the  Library  of  the 
Greological  Society  of  London,  to  which  I  beg  leave  to  refer  Mr. 
Bay  Lankester. 

III. — On  the  Microscopic  Structure  of  the  Limerick  Carboni- 
ferous Trap-rocks  (Melaphyrbs). 

Bj  Pbofessor  Edward  Hull,  M.A.,  F.R.S. 
(PLATE  VIII.) 
[Head  before  the  Royal  Geological  Society  of  Ireland,  12  March  1873.] 

DB.  MACALISTEB,  in  his  able  Presidential  Address,  has  furnished 
the  Society  with  a  summary  of  the  work  done,  principally  by 
German  petrologists,  with  the  object  of  determining  the  mineral 
constitution  and  structure  of  plutonic,  metamorphic,  volcanic,  and 
other  rocks,  by  the  aid  of  the  microscope.  Forbes,  Sorby,  and  Allport 
amongst  ourselves  have  also  represented  British  petrologists  in  the 
same  field,  but  perhaps  have  not  been  sufficiently  forward  in  giving 

1  For  Mr.  Lankester's  reply  to  Dr.  Kuath's  paper  (extracted  from  the  Academy) 
tee  in/rd,  p.  190. 
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the  results  of  their  labours  to  the  world.  As  representing  the  Geolo- 
gical Survey  in  this  country,  I  may  mention  that  I  have  been  fully 
alive  to  the  great  benefits  to  be  derived  from  the  use  of  the 
microscope,  and  nearly  one  hundred  specimens  of  sliced  rocks  have 
already  received  a  certain  amount  of  scrutiny,  and  the  results  have 
been  noted.  These  results  will  be  from  time  to  time  inserted  in  the 
Explanatory  Memoirs  which  are  published  along  with  the  Geological 
Maps;  and  the  Memoir  issued  last  year  (1872)  on  the  G^logy  of 
portions  of  Counties  Down  and  Armagh,  near  Banbridge/  will  be 
found  to  contain  the  first  of  these  published  series  of  observatioDB 
on  the  microscopic  structure  of  some  of  the  rooks  of  the  district 

Amongst  the  rocks  which  I  have  had  opportunities  of  miorosoo- 
pically  examining,  the  basalts  and  dolerites  of  the  North  of  Ireland 
and  tlie  older  melaphyres  of  County  Limerick  have  received  some 
attention;  and  I  purpose  in  this  paper  to  institute  a  comparisoa 
between  these  two  classes  of  rocks,  which  may  be  considered  as  the 
representative  augitic  lavas  of  the  Miocene  and  Carboniferous  periods 
in  Ireland. 

Authors  of  Papers  on  the  Limerick  Drap-roelcB, — The  geologicsl 
structure  of  the  Limerick  Carboniferous  basin  has  been  described  by 
several  writers.  Of  these  may  be  specially  mentioned  Mr.  Weaver,' 
Dr.  Apjohn,'  Mr.  Ainsworth,^  Sir  B.  Griffith,'  and  Messrs.  Jukes, 
Einaban,  and  Wynne.'  From  the  description,  often  exceedingly 
full,  which  these  authors  have  furnished,  it  is  now  understood  that  the 
trap -rocks  of  the  Limerick  Carboniferous  basin  are  themselves  of  Csr- 
boniferous  age.  As  Mr.  Kinahan  observes,  these  traps  and  associated 
ashes  form  two  great  deposits,  occupying  well-defined  geological 
horizons ;  the  lower  coming  in  a  little  above  the  base  of  the  Lower 
Limestone,  immediately  over  the  cherty  beds  that  are  taken  as  the 
division  between  the  Lower  and  Upper  Limestones ;  and  the  upper,  a 
little  below  the  basal  shales  of  the  Coal-measures.^  There  seem  to 
have  been  two  principal  out-pourings  of  lava  from  sub-marine  or 
subaerial  vents,  accompanied  by  eruptions  of  ashes  and  agglomerates, 
the  materials  having  been  strewed  over  the  adjacent  seas  ;  and  Mr. 
Jukes  suggests  that  some  of  the  detached  bosses  of  trap  are  to  he 
regarded  with  great  probability  as  the  volcanic  foci  or  ''necks" 
of  these  old  Carboniferous  craters.' 

Names  and  Mineral  Characters  of  the  Bocks. — ^Though  these  trap- 
rocks  present  considerable  variations  in  appearance  and  texture,  they 
are  more  or  less  basic  (with  one  exception),  and  probably  augitio. 
The  terms  they  have  received,  however,  from  various  authors  aw 

^  Expl.  Memoir  to  accompany  Sheet  48  of  the  Maps  of  the  Geol.  Surrey. 

^  *'  On  the  Geolodcal  Relations  of  the  East  Coast  of  Ireland."  Trails.  Gteol.  Soc, 
Lend.,  vol.  v.,  by  Thomas  "Weaver,  M.R.I.A. 

3  **  Observations  on  the  Trap  District  in  the  Co.  Limerick."  Joum.  Geol.  Soc. 
Dub.,  vol.  i.  p.  24  (1832). 

*  A  Further  Account  of  the  Limerick  Trap-rocks,  by  William  Alntworth,  (1833) 
with  Map. 

*  Geological  Map  of  Ireland,  with  reference  (1839). 

*  Explanations  of  the  Geological  Survey  Maps,  Sheets  143,  144  (1S60). 

^  Ibid,  Sheet  44,  p.  24.  «  Ibid,  Sheet  143,  note  p.  10. 
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nameronB,  vudb.  as  '' Gbeenstone/'  ** Basalt,"  "Porphyry,"  "Amyg- 
daloid,*' "SpiUtes,"  "Diorite,"  and  "Melaphyre."  Let  us  hope  that 
the  term  "  Greenstone  "  will  in  course  of  time— and  chiefly  through 
the  aid  of  the  mioaroscope — ^fell  into  oblivion;  at  present  it  can 
only  be  regarded  as  a  wotcI  intended  to  conceal  our  ignorance. 

Assuming  the  words  "  greenstone  "  and  "  diorite  "  to  be  synon- 
ymous, and  intended  to  designate  a  crystalline  rock  composed  of 
hornblende  and  felspar,  it  is  questionable  whether  such  a  rock  is 
actually  to  be  found  amongst  the  Limerick  trap  series,  although 
crystals  of  hornblende  do  sometimes  occur  as  accessories. 

As  stated  by  the  officers  of  the  Oeological  Survey,"  These  rooks  are 
of  dark  and  light  green,  dark  and  light  blue,  or  reddish  colours,  the 
latter  being  often  due  to  decomposition.  Their  texture  is  generally 
compact,  or  fine-grained,  with  crystals  of  felspar  widely  dispersed 
through  the  mass ;  other  crystals  are  rare,  and  some  even  of  those 
traps,  which  from  their  dark  colour  have  been  called  *  greenstone,' 
seem  almost  entirely  felspathic  Some  of  these  rocks  pass  imper- 
ceptibly into  porphyries  and  amygdaloids,  which  have  many  varieties 
in  the  different  localities  in  whidi  they  are  met  with."  Mr.  Jukes 
adds  in  a  note,  "  A  detailed  chemical  investigation  into  the  compo- 
sition of  these  varying  trap-rocks  would  be  very  interesting  and 
instructive.  Without  it,  it  is  impossible  to  guess  the  proportions  in 
which  the  felspathic  are  mingled  with  the  augitic  or  homblendic 
minerals;  or  even  to  decide  on  the  nature  of  the  felspars  them- 
selves." * 

It  is  exceedingly  interesting  to  observe  that  similar  rocks  occur  in 
great  force  amongst  the  Lower  Carboniferous  beds  of  Scotland, 
forming  the  ranges  of  hills  which  bound  the  Coal-field  of  the  Clyde 
basin  along  both  its  northern  and  southern  borders.  They  have 
Apparently  been  erupted  from  volcanic  vents  at  the  same,  or  nearly 
the  same,  period  of  geologic  time  as  the  Limerick  traps  themselves, 
while  in  the  "  toad-stones,"  -or  basaltic  amygdaloids  of  Derbyshire, 
we  recognize  the  English  representatives.  Thus  it  appears  that  in 
the  regions  now  oocupied  by  the  S.  W.  of  Ireland,  the  centre  of  Scot- 
land, and  the  centre  of  England,  volcanic  craters,  in  all  probability 
submarine,  were  in  active  operation,  pouring  forth  over  the  bed  of  a 
highly  populous  sea  sheets  of  lava,  and  vomiting  forth  ashes  and 
agglomerates  amongst  forests  of  crinoids  and  tribes  of  molluscs 
and  corallines.  When,  in  1868,  I  brought  over  some  specimens  of 
these  rocks  from  Scotland,  and  showed  them  to  Mr.  Jukes,  he  at  once 
recognized  their  similarity  to  "  the  Limerick  trap- rocks." 

The  case  here  mentioned  is  an  instance  of  the  homogeneous 
character  of  igneous  rocks  of  the  same  age  over  considerable 
tracts  of  country,  which  seems  to  me  to  have  important  bearings  on 
the  question  of  the  internal  fluidity  of  the  earth  below  the  solid 
crust. 

Microscopic  slices, — Of  the  twelve  sliced  specimens  which  I  have 
examined,  taken  from  various  places  over  the  district,  all  but  one 
belong  to  that  general  group  of  augitic  rocks   which  may  be  con- 

1  Explanation  to  Sheet  44,  p.  9. 
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veniently  named  "  melaphyres/'  and  which  are  the  representatiTeB  in 
Mesozoio  and  Upper  Pidaaozoio  times  of  the  more  recent  besalts  and 
dolerites.  In  general  structure  these  Limerick  melaphjrres  consist  of 
a  glassy  colourless  felspathic  base,  in  which  are  imbedded  crystalline 
grains  of  augite,  magnetite  (or  titano-ferrite),  pseudomorphs  of 
olivine  occasionally,  with  a  considerable  infusion  of  chlorite  and 
calcite.  Sometimes  large. crystals  of  banded  felspar  occur,  as  in  the 
i^ecimen  from  HerbertstcTwn.  In  all  cases,  however,  the  base  is  a 
glass,  and  the  augite  only  occurs  in  distinct  grains,  and  is  by  no 
means  abundant  at  any  time.  The  dark  green  colouring  of  the 
rocks  is  due  to  the  generally  large  number  of  magnetite  grains  and 
the  abundance  of  chlorite  or  epidote.  I  now  proceed  to  give  a  brief 
account  of  the  individual  sliced  specimens  which  I  have  examined : — 

(1).  Specimen  from  Herhertatoum  (Lower  Trap-band). — Base  a 
glass  with  cavities  and  tubes,  passing  into  crystalline  granular  tri- 
clinic  felspar,  with  light-brown  crystalline  grains  of  aogite,  large 
crystals  of  banded  felspar,  magnetite  grains,  and  chlorite  filling  in 
cavities,  and  in  distinct  grains. 

Aftgite, — Some  of  the  crystals  are  very  well  formed,  and  inclose 
magnetite  grains.  They  are  of  a  pale  brown  colour,  much  fissured, 
and  are  locally  numerous. 

Fehpar  crystoh, — ^The  large  crystals  porphyritically  imbedded 
show,  with  polarized  light,  the  banded  structure  and  the  fine  lines 
characteristic  of  one  of  the  triclinio  group. 

Chlorite, — The  chlorite  occurs  as  filling  in  the  interstices  in  the 
base,  and  between  the  crystals,  but  sometimes  as  distinct  grains, 
with  the  rounded  or  oval  form  resembling  grains  of  olivine.  It  is 
not  improbable  it  has  replaced  this  latter  mineral.  In  some  places 
it  assumes  the  vermiform  structure  which  is  not  uncommon,  and  it 
has  every  appearance  of  being  a  "secondary"  mineral,  infiltrated  into 
the  rock  after  consolidation. 

(2).  Specimen  from  Boxhorough  (Lower  Trap-band). — ^This  is  an 
exceedingly  interesting  specimen,  containing  well-formed  crystals  of 
augite,  olivine,  triclinio  felspar,  and  (which  is  rare)  hornblende,  the 
latter  large  and  well  defined ;  the  whole  imbedded  in  a  base  blackened 
by  magnetite.  The  substance  of  the  crystals  is  generally  entirely 
changed,  and  replaced  by  a  yellowish  mineral  (epidote  or  chlorite) 
and  calcite.  The  base  seen  with  the  quarter-inch  power  (200  diams.) 
is  a  colourless  or  yellowish  glass,  full  of  magnetite  crystals,  and 
having  long  slender  prisms  of  triclinio  felspar  imbedded  therein; 
also  nests  and  pockets  of  a  yellowish-green  mineral  with  radiate- 
fibrous  structure,  probably  epidote.  This  mineral — sometimes  with- 
out structure — frequently  replaces  the  substance  of  the  augite, 
olivine,  and  horablende. 

T\\e  specimen  is  remarkable  for  the  large  well-formed  crystals  of 
hornblende,  porphyritically  developed.  Generally  the  walls  of  the 
crystals  are  filled  in  with  secondary  minerals,  such  as  epidote  and 
calcite;  but  there  is  one  crystal  retaining  the  original  brownish- 
fissured  substance  of  the  hornblende  itself.  This  crystal  enabled  me 
to  apply  the  test  of  dichroism,  which  Tschennak  and  Allport  have 
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both  proposed  for  the  determination  of  hornblende  as  against  angite. 
The  mineral  is  more  strongly  diohroio  than  any  specimen  of  horn- 
blende I  hare  yet  examined,  while  the  forms  of  the  crystals  are 
of  themselves  sufficiently  distinct  for  identification.  But  for  this 
specimen,  I  would  have  doubted  the  occurrence  of  hornblende 
amongst  these  rocks. 

(3).  Specimen  from  Bathjordan  (Upper  Trap-band). — Base  a 
colourless  glass,  sometimes  tinged  green,  with  multitudes  of  belonites 
crossing  each  other  in  all  directions,  and  numerous  elongated  cavities. 
This  felspathic  base  is  darkened  by  crystalline  grains  of  magnetite, 
and  contains  crystals  of  augite  and  long  prisms  of  felspar.  The 
crystals  of  augite  and  felspar  are  generally  replaced  by  chlorite  (?). 

Augite. — The  crystalline  grains  of  augite  are  all  more  or  less 
replaced  by  chlorite ;  but  the  forms  are  decisive,  and  are  made  very 
plain  by  polarized  light. 

Chlorite  (?). — Light  greenish  mineral,  with  fibrous  structure,  filling 
cavities  or  interstices ;  as  well  as  replacing  the  material  of  the  augite 
and  some  of  the  felspar  crystals. 

Calcite. — With  polarized  light,  the  peculiar  smalt-blue  and  opal* 
escenoe  of  calcite  is  apparent,  filling  fissures  and  interstices  in  the 
felspathic  base. 

Camtiei. — With  the  quarter-inch  power,  magnifying  200  diams., 
numerous  cavities  are  observable  all  through  the  glass  base.  Some 
of  these  appear  to  be  tubes,  sometimes  truncated  obliquely ;  others 
are  polygonal,  or  rounded.  These  are  mixed  up  with  numerous 
"  belonites,"  very  similar  in  appearance  to  those  of  pitchstone,  and 
about  the  same  size  as  those  in  a  specimen  from  Ascension  Island 
with  which  I  compared  them. 

(4).  Specimen  from  Rothjordan  (Upper  Trap-band,  columnar). — 
This  specimen  much  resembles  the  last.  The  glass  base  contains 
belonites,  and  cavities ;  and  along  with  well-defined  brownish  crystals 
of  augite  are  numerous  pseudomorphs  after  olivine,  filled  with  the 
chloritic  mineral  which  is  so  abundant  in  these  rocks. 

(6).  Specimen  from  Ballyhrood  (Upper  Trap-band). — This  is  similar 
to  Nos.  3  and  4.  The  glass  base  contains  belonites  and  numerous 
elongated  cells.  The  form  of  the  crystals  of  augite  are  remarkably 
well  defined,  but  the  substance  of  the  mineral  itself  is  often  replaced 
by  chlorite  and  calcite.  The  crystals  of  magnetite  often  present 
well-defined  forms,  but  I  could  observe  none  resembling  those  of 
olivine. 

(6).  Specimen  from  Ballytrasna — Porp/iyri/ic  (Upper  Trap-band). 
— I  have  two  slices  of  this.  The  base  is  a  glass  with  cells  and 
belonites  in  places,  much  charged  with  magnetite  grains  and  crystals. 
In  this  are  imbedded  well-formed  augite  crystals  of  a  light-brown 
colour,  with  imbedded  grains  of  magnetite.  One  of  these  (a  frag- 
ment) is  a  large  hexagonal  crystal  filled  with  a  colourless  and 
structureless  mineral,  probably  calcite.  There  are  numerous  large 
crystals  and  groups  of  banded  felspar,  with  a  very  fine  appearance 
under  polarized  light ;  the  augite  crystals — showing  a  fine  play  of 
golden  bronze,  and  roseate  colours  on  rotating  the  vip'^ex  -^rvsai — 
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(10).  ^peetMai  from  Knockdirh  (an  oatlying  mass,  conridered  to 
be  a  ''  root "  or  '*  neok  "  of  one  of  the  old  Tents). — ^This  rook,  as  Dr« 
Afjjohn  has  obeerred,  is  different  from  the  other  Trap-rooks  of  the 
distriot.  He  says,  *'  On  this  hill  is  a  olose-grained  greenstone,  whioh 
graduates  into  a  dinkstone  possessing  sometimes  an  olive  green, 
sometimeB  a  red,  bat  more  nsoally  a  brownish  tinge."  ^  The  specimen 
in  my  possession  from  whioh  the  slioe  was  taken  is  reddish  in 
ookmr,  and  of  a  crystalline  granolar  structore. 

It  consists  of  a  colourlesB,  or  slightly  stained  felspathio  base,  with 
crystals  of  orthoolase,  and  grains  of  silica.  There  are  also  a  few 
crystalline  grains  of  magnetite,  and  irregular  patches  of  green 
chlorite. 

SiUea. — ^As  in  the  case  of  granite,  the  silioa  forms  a  paste  in  whioh 
the  felspar  crystals,  as  well  as  some  of  magnetite,  are  imbedded,  and 
it  was  dearly  the  last  to  consolidate.  Small  cavities  and  ceUs  may 
also  be  observed  with  the  quarter-inch  object  glass.  Some  of  these 
are  in  the  form  of  long  tubes  extending  in  various  directions  through 
the  mineraL 

Felspar  CryBialB. — These  I  assume  to  be  orthoclase  from  their 
frequent  rectangular  form,  and  the  absence  of  bands  or  fine  lines 
characteristic  of  the  triclinic  felspars.  It  was  also  to  be  expected 
that  in  a  rock  so  highly  silicated'as  this,  orthoclase  would  be  present. 
I  could  observe  no  augite  crystals. 

On  the  whole,  it  is  clear  from  the  composition  and  structure  of 
this  rock  that  it  is  altogether  of  a  different  species  (or  indeed  genus) 
from  the  traps  above  described,  and  approaches  more  nearly  to  the 
composition  of  a  trachyte,  or  clinkstone,  than  to  that  of  a  basalt  or 
melaphyre.  It  is  the  only  one  in  which  silica  appears  as  an  essential 
constituent  and  in  large  proportions. 

(11).  Specimen  from  Cahermarry, — Glassy  cellular  base,  amygda- 
loidal,  tinged  deep-green  by  chlorite  (?),  with  some  small  prisms  of 
triclinic  felspar.  Many  of  the  cells  are  filled  either  with  a  green 
fibrous  mineral  (chlorite?)  or  calcite,  ox  both.  (Figs.  6,  7,  8.)  The 
dark  base  is  due  to  abundance  of  magnetite  and  chlorite. 

The  points  specially  noticeable  in  reference  to  the  above  speci- 
mens, which  may  be  regarded  as  fair  representatives  of  the  Limerick 
Carboniferous  melaphyres,  are  the  following : — 

1st.    The  glassy  felspathio  base  with  cells  and  tubes. 

2nd.  The  small  quantity  of  augite,  this  mineral  only  occurring 

in  the  form  of  scattered  crystals  or  grains. 
3rd.   Tlie  abundant  infusion  of  chlorite,  or  more  rarely  epicloie,  not 

only  filling  in  cavities  and  interstices  between  the  crystals, 

but  also  replacing,  in  many  cases,  the  original  minerals 

themselves  (augite,  olivine,  etc.). 
4th.  The  abundance  of  calcite,  also  due  to  percolation,  and  of 

secondary  formation. 
Antrim  Miocene  Baaalta. — Considering  that  the  rocks  I  have  just 

1  Suprd  eit.  p.  32. 
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described  may  be  legarded  as  tbe  more  ancient  eqniTalents  of  the 
Tertiary  basaltic  sheets,  it  may  be  interesting  to  compare  their  re- 
spective structures. 

I  have  examined  a  considerable  number  of  sliced  specimens  taken 
from  various  parts  of  the  Antrim  trap-area,  and  it  is  remarkable  that 
they  all  present  a  nearly  uniform  structure,  notwithstanding  different 
degrees  of  crystallization.  In  this  case  the  augite,  instead  of  being 
imbedded  in  a  crystalline  form  in  a  colourless  glassy  base,  is  itsefi 
the  base,  inclosing  prisms  of  triciinio  felspar,  grains  of  magnetite, 
or  titano-ferrite,  and  sometimes  olivine.  Chlorite  is  also  present,  bat 
not  so  frequently  as  in  the  Limerick  melaphyres,  and  the  whole 
rock  is  in  a  less  altered  state.  Thus,  if  we  compare  the  composition 
of  the  Limerick  and  Antrim  traps,  we  would  find  that  the  relation- 
ship is  somewhat  as  shown  below : — 

Relative  proportions  of  minerals  in  ike  Melaphffres  of  Limerick  and  ike 
Basalts  and  Dolerites  of  Antrim,  Down,  etc. 

Limerick.  Carboniferoua,  Antrim.  Tertiary, 


Bass.  I  k^t^^  cryBtals. 

n  ^      ^        1        7  TricUnic  felspar,  Mainietite. 
Colourless  glass,     ^^^^^  (PseildomorpEs). 
coDtaining        y  Calcite&  chlorite  (accessories). 


...        1  TitRno-iemte. 
Au^te,     ( oUrine  (sometimas). 
containing    (  Chlorite  (somctimi). 

It  will  be  thus  seen  that  the  relations  of  the  minerals  are  quite 
different  in  each  case,  and  it  seems  probable  that  this  is  due  to  the 
greater  abundance  of  augite  in  the  Antrim  traps; — so  abundant  as  to 
have  itself  become  the  base.  In  the  case  of  the  Limerick  mclaphyres 
the  mineral  occurred  in  such  small  quantities  that  it  crystallized  out 
in  individual  crystals,  bearing  a  small  proportion  to  the  whole  mast 
of  the  rock,  lliis  points  to  essential  dififerences  in  the  two  magmas, 
involving  some  interesting  chemical  inquiries. 

The  distinction  here  stated  between  the  structure  of  the  Carbon- 
iferous and  Tertiary  augitio  rocks  (melapbyres  and  basalts)  is  not 
admitted  by  Mr.  AUport,  with  reference  to  similar  rocks  of  England 
and  Scotland.  Mr.  All  port's  opportunities  of  investigation,  however, 
have  been  much  larger  than  my  own,  and  the  result  he  arrives  at 
may  be  thus  summed  up  in  his  own  words : — 

"I  have  abundant  evidence  that  mclaphyres  of  undoubted  Carbon- 
iferous age,  and  basalts  of  Tertiary  age,  have  not  only  the  same 
mineral  constitution,  but  also  that  both  present  the  same  structural 
varieties."  *  My  observations  tend  rather  to  confinn  the  opinion  of 
Mr.  Forbes,  as  expressed  in  his  paper  "  Researches  in  British  Miner- 
alogy.*' ^  And  the  glass  base  of  the  Limerick  melapyhres  is  in  keeping 
with  the  general  character  of  the  basaltic  rocks  as  described  by  Dr. 
ZirkeL' 

EXPLANATION   OF   PLATE  VIIL 

Fio.  1. — Twin  crystals  of  triciinio  felspar,  inclosing  rpan^led  greenish  grains,  prob- 
al)ly  of  olivine.     From  Upper  Trap-baml,  Ballytrasna. 

Fio.  2. — Augite  crystal,  inclosing  muguutite  grains.  From  Upper  Trap-band, 
ballytrasna. 

1  Geological  Magazine,  Vol.  YIIL,  p.  449. 
k.'  /"M.  Mag,  vol  xxiir.,  p.  336.  '  Sup.  dt,  p.  88. 
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Fios.  3y  4,  6. — Crjttallino  gnioM  of  oliyine  replaced  bj  chlorite,  and  inelonng  (No. 
6)  magnetite  eryitalf.    From  Upper  Trap -band.  Rathjordan. 

Fios.  6,  7,  8.  — Ceila  in  amygdaloid,  filled  with  green  chlorite  (or  epidote)  and  calcite. 
In  No.  7  the  men  mineral  has  an  excentric  arraneeroent.  The  calcite  ia 
eolourien,  with  a  peculiar  banded  structure,  and  iridescent  to  pearly  lustre. 
Cahermarry. 

Fio.  9. — Portion  uf  fiass  base— mag^nified  about  200  diameters— shewing  tnbei, 
cells,  and  oelonites,  and  inclosing  crystals  of  magnetite.  From  Upper 
Trap-band,  Rathjordiin. 

Fro.  10. — ^Twin  crystals  of  hornblende,  brownish  colour,  inclosing  magnetite 
grains.    Lower  Trap-band,  Boxborough. 

FiQ.  11. — Pseudomorphons  crystal  after  hornblende,  the  substance  of  the  mineral 
replaced  by  chlorite  or  epidote,  and  calcite.    Boxborough. 

Fioa.  12-18. — Forms  of  angite  crystals,  or  pseudomorphs,  mineral  sometimes  re- 
placed by  chlonte  and  calcite,  as  in  Figs.  12,  13,  14,  15,  and  16 ;  from 
BalWhrood.  Fig.  17  represents  a  crystal  of  augite  from  Upper  Trap- 
band,  Ballytrasna.    JNos.  13  and  16  are  twin  crystals. 

The  figures  have  been  sketched  by  the  hand  direct  from  the  microscope  by  the  author. 
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Qault. 
By  J.  Stabxie  Oabdnxb,  F.6.8. 

HAVING  read  Mr.  Price'8  note  and  description  of  Bosteflarta 
maxima  in  last  month's  Number  (p.  97,  PI.  VI.),  I  venture 
to  express  my  regret  that  so  doubtful  a  species  should  be  published 
with  the  apparent  authority  of  the  Gkoloqioal  Magazine  to  coniirm 
it;  especially  as  Mr.  Wiltshire  (than  whom  there  is  no  one  better 
acquainted  with  English  Cretaceous  Mollusca)  is  of  opinion  that  it  is 
only  a  giant  form  of  Rjsiellaria  carinata.  The  description  given  by 
Mr.  Price  would  equally  apply  to  the  ordinary  form  of  E.  carinata 
which  occurs  in  the  same  bed,  and,  save  in  size,  exactly  resembles  it. 
The  most  distinctive  portion  of  the  shell,  the  wing,  is  unfortunately 
not  preserved.  The  examples  of  Bostellaria  carinata  found  in  this 
bed,  I  may  remark,  always  differ  slightly  in  form,  being  broader 
and  more  obtuse  (they  are  also  usually  more  crushed  and  imperfect)  * 
than  those  from  the  lower  beds.  I  am  fully  convinced  that,  if  size 
alone  is  sufficient  ground  to  justify  the  formation  of  new  species,  we 
shall  speedily  find  the  present  confusion  of  names  in  the  Gault  fauna 
more  hopelessly  involved  and  more  impossible  to  unravel  than  ever. 
What,  for  instance,  would  be  the  result  of  the  adoption  of  such  a 
basis  of  nomenclature  for  the  Cephalopoda  from  the  same  formation  ? 

But,  even  if  the  species  be  allowed  to  remain,  I  cannot  see  how 
the  publication  of  an  isolated  form  can  aid  materially  to  our  know- 
ledge, since  no  monograph  oi' CretaiceouB  Ros tell ariahi\»  been  published, 
and  many  of  the  comparatively  conlmon  species  are  still  imperfectly 
or  improperly  described. 

While  considering  the  subject  of  Bostellaria,  I  should  particularly 
like  to  obtain  the  opinion  of  workers  in  recent  and  fossil  conchology 
as  to  the  advisability  of  a<iopting  Da  Costa's  name  of  Aporrhais  for 
the  group,  and  whether  it  might  not  even  be  made  to  include 
Pteroceras  Fittoni  of  the  Lower  Greensand,  and  Pteroceras  bicarinata 
or  reltisa  ot  the  Gault.  I  subjoin  an  abbreviated  translation  of  Pictot 
and  Campiche's  description  of  each  genus : 

TOL,  X.— JirO.    C7I,  \\ 
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1. — BasUllaria,  Lamarck. 

Shell  pointed,  prolonged,  turriculated,  the  mouth  terminated  ante- 
riorly by  a  thin  rostrated  oanal ;  the  lip  forms  a  bat  little  developed 
wing,  which  has  on  its  margin  small  pointed  teeth.  The  posterior 
angle  of  the  mouth  generally  presents  a  canal  oontigaous  to  the 
spire.  In  all  recent  species  there  is  a  want  of  ornamentation ;  the 
surface  is  smooth  or  reticulated,  but  does  not  present  prominent 
cost89,  analogous  to  those  which  are  so  frequent  on  Chenapus  and 
Pteroceraa, 

2. — Aporrhats,  T>A  CostA,     ( CAmopva,  Philippi.) 

In  the  small  number  of  species  which  are  known  the  shell  is 
turriculated  spire,  long  or  median,  with  a  considerably  expanded 
wing,  more  or  less  divided,  and  a  variable  anterior  canaL 

A  comparison  of  the  shells,  which  may  easily  be  made  at  the 
British  Museum,  confirms  the  foregoing,  descriptions.  It  will  be 
observed  that  all  the  species  of  the  genus  Aporrhaia  are  strongly 
ornamented,  and  the  difference  in  aspect  will  strike  the  most  casu^ 
observer.  Their  separation  has,  I  believe,  been  made  on  account  of 
differences  in  structure  of  the  animals  themselves. 

A  careful  and  unbiassed  examination  will,  I  feel  convinced,  lead  to 
the  conclusion  that  all  the  Gkiult  Boatellarus  should  be  named 
Aporrhais,  for  they  undoubtedly  bear  oonsiderably  more  resemblance 
to  Aporrhais  pes-pelicani  and  A.  ocddentaHs,  than  they  do  to  any  of 
the  Ro8tellaria,  Indeed,  they  are  even  more  like  JPieroeeraa  than 
Boatellaria,  and  can  often  only  be  distinguished  from  the  former  by 
the  length  of  their  spire. 

I  have  ventured  to  subjoin  a  list  of  the  species  from  the  Q«nlt  in 
my  collection.  I  shall  be  happy  to  place  them  at  the  disposal  of  and  to 
assist  any  practical  palaeontologist  who  desires  to  give  a  really  ex- 
haustive account  of  this  most  interesting  group,  which  seems  to  have 
reached  its  maximum  development  at  this  period  of  the  Cretaceous 
epoch.  The  species  are  best  preserved  and  most  abundant  at  Folke- 
stone. It  mu8t  be  understood  that  the  following  is  a  hurried  list, 
and  merely  provisional.  The  subject  want«  most  careful  treatment 
and  illustration  from  perfect  specimens  existing  in  different  cabinets. 
If  it  serves  to  provoke  discussion  and  call  attention  to  the  group,  my 
object  will  have  been  attained. 

1.  Aporrhaig  (Pict.)  earinata^  Sow. 

2.  Ajiorrhai»  Orbignyana^  Pict.   ot  Roux  (qy.  A.  obiusa^  Pict.)     B.  eottmta  of 

Michel  in,  but  described  under  a  false  assimilation'  with  a  different  species  foond 
at  Gosau.    Very  abundant. 

3.  Aporrhaia  Parkifmotii,  Sow.     Much  confusion  has  arisen  from  different  species 

having  been  fibred  by  MantoU,  Sowerby,  and  D'Orbigny  under  the  same 
name.  According  to  strict  precedent,  the  species  figured  by  Parkinson,  and 
known  to  English  geologists  as  R.  Farkiunoniy  has  the  priority,  and  should  be 
retained  instead  (»f  R.  Remsiu  R-  buccinoides^  etc. 

4.  Apart  haia  ealeorata,  D'Orb.  (and  qy.  A  Muletiy  d'Orb.].    A  small  species,  also 

common  at  Blackdown. 
6.  Aporrhaia  earinella,  D'Orb.  A  smooth  species,  figured  by  D'Orbigny  in  Pal.  Fr., 

but  imperfect  in  his  figure. 
6.  Aporrhaia^  a  distinct  elongated  species,  the  elongata  of  Sowerby,  OeoL  Trans., 

2nd  ser.,  vol.  iv.,  pi.  zi.,  fig.  17,  appears  to  be  a  Seaiaria,     I  should  propott 

to  retain  the  specitic  name  Uongatu  for  this  species. 
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7.  Ap9rrhm%8  dn^Miaia,  8.  P.  Woodward.    Strongly  and  regnlariy  transrerMlj 

ribbed,  without  tubercles  or  loDntodinal  costs.  S.  P.  Woodward  claimed  this 
as  a  new  species,  but  Pictet  and  Roux  had  already  figured  a  yery  similar  but 
imperfect  specimen  from  the  Oault  under  this  name. 

8.  Aporrhaitj  spec.  noY.    A  small  pupeform  species,  with  two  keels  on  the  body- 

whorl,  and  one  keel  on  each  of  the  remaimng  whorls,  and  marked  with  longi- 
tudinal riba  wide  apart  Anterior  rostrated  canal  longer  than,  the  rest  of  the 
test,  and  large- wineed  prolongations  from  the  lip. 

9.  SoittUariOj  or  possibly  Puaut,    Smooth  but  very  finely  transTersely  striated! 

All  the  specimens  oKre  the  body-whorl  imperfect,  but  have  the  prolonged 
rostrated  canal 

10.  PUroeeras  rettua.  Sow.    FUroeeraa  btcarinata^  D'Orb.    An.  abundant  and  well- 
marked  species. 

It.  uunyinata.  Sow.,  Oeol.  Trans.,  2nd  ser.,  yol.  iy.,  pi.  xi.,  fig.  18,  is  evidently 
J2.  earinata.  Both  Pictet  and  Campiche  and  Pictet  and  Roux  refer  to 
it,  but  figure  a  different  species,  with  the  ornamentation  of  a  Oault  Seularia. 
The.  rest  of  the  species  figured  by  D'Orbigny  and  other  foreign  writers  do  not 
occur,  as  fiEur  as  I  can  ascertain,  in  the  Gault  of  Folkestone. 


V. — On  80MX  Points  ctMrNKoriD  with  late  Olaoial  Aotion  and 

Baibsd  Ska-bedb. 

By  the  Rev.  0.  Fiskbb,  M.A.,  F.G.S. 

MY  thanks  are  due  to  Mr.  Tiddeman  for  his  reply  to  th&  letter 
from  me,  which  appeared  in  your  February  Number.  I  may 
perhaps  be  allowed  to  add  a  few  words  more  upon  the  subjects  under 
discussion. 

There  is  an  error  in  my  former  letter,  which  gives  a  wrong 
impression  of  my  views  upon  the  subject  of  the  Trail.  I  origin- 
ally used  that  word  in  1866^,  to  designate  the  disturbed  ground 
commonly  found  below  the  subsoil  or  warp.  I  am  made  to  say  that 
it  is  "  none  other  than  the  river  gravels."  I  certainly  intended  to 
write  that  "  it  is  newer  than  the  river  gravels." 

Mr.  Tiddeman  is  nearly  correct  in  saying  that  I  use  the  word  in 
question  to  designate  the  "  till"  of  a  particular  period.  More  exactly 
I  use  it  to  designate  a  particular  accumulation  of  disturbed  ground, 
which  certainly  exists ;  and  I  think  it  will  be  best  to  reserve  the 
name  for  that  deposit.  It  expresses  no  theory  about  the  causes 
which  produced  it,  but  only  implies  that  it  has  been  dragged  along, 
which  has  evidently  been  the  case.  It  is  true  that  I  myself  regard 
it  as  the  moraine  profonde  of  a  particular  period,  to  wit,  of  the  last 
covering  of  ice  upon  this  country.  I  do  not  mean  to  imply,  how- 
ever, that  this  was  of  the  age  of  the  ice-sheet  of  Lancashire,  but 
simply  wish  to  inquire  whether  it  may  not  have  been  contem- 
poraneous with  the  laminated  clay  of  the  Settle  Cave ;  not  under- 
standing Mr.  Tiddeman  as  fixing  the  age  of  that  clay.  In  it  I  think  I 
recognize  an  instance  of  ice-action  subsequent  to  the  cave-and-river 
period,  and  fitting  to  my  theory.  My  protest  against  the  expression, 
*'  The  glacial  period,"  was  a  general  one,  as  too  indefinite ;  and  I  have 
no  intention  of  claiming  the  great  ice-sheet  (about  which  I  am 
not  we]  1  informed)  as  synchronous  with  the  Trail.  For  I  suppose  that 
the  marine  glacial  clay  of  HoUing  worth,  near  Manchester,  is  one  of  the 
deposits,  newer  than  the  ice-sheet,  to  which  Mr.  Tidti^Hi^ii  T^i<^T^« 
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I  obserred  there  that  the  minor  featureB  of  the  mrfaoe  oontonr  ere 
oarred  out  of  it  and  the  Hillstone-grit  alike,  which  on  idt  theory 
would  make  the  last  geoeial  denudation,  and  therefore  ue  Tnil, 
newer  than  that  clay,  and  A  fortwti  newer  than  the  iee-iheat  and 
ita  till. 

I  niuBt  admit  Aat  I  oannot  find  a  statement,  aa  direct  aa  I  rap- 
posed,  of  my  opinion  tliat  the  ovuiuming  of  the  basset  edges  has 
been  caused  by  the  paitsaga  of  ice  over  them.  Bnt  I  have  implied 
this  in  a  letter  to  tbe  Maoazinb,  Vol.  V.,  p^  36.  Mr.  Tiddeman  has 
given  a  diagram '  where  this  phenomenon  is  oonneoted  with  ac- 
knowledged till,  and  refers  the  former  to  the  ioe  which  deposited  the 
latter.  I  can  mention  instances  where  there  is  no  till  usnally  so 
regarded,  and  yet  this  aotian  upon  the  basset  ec^es  is  undeniable. 


of  CucliH  Mine.  OonviIL 


One  of  these  I  saw  last  summer  in  Cornwall,  in  a  tmtting  on  the 
stiulh  side  of  the  famous  Carclose  mine  near  St  Austell's.  Ibe 
gmnite  there  is  greatly  disintegrated,  and  used  for  china  clay.  But 
it  is  traversed  by  joints  whose  walls  are  achorlaceous  and  roooli 
less  decayed.  The  result  is  that  the  entire  mass  simulates  stratifi- 
cation, which  is  nearly  verticaL  It  was  in  this  that  I  observed  the 
revcnal  of  the  edges  of  ihe  laminee,  which  ore  bent  over  towards 
the  south,  that  is  towards  the  brow  of  the  hill,  until  they  become 
liorizontaL  The  spot  is  sufficiently  distant  from  the  brow  of  the 
hill  tor  the  declivity  of  the  ground  to  be  veiy  small,  bnt  1  think  the 
ncighlmurhood  of  the  brow  has  something  to  do  with  the  effect 
The  dbturbed  layer  is  about  four  feet  deep. 

Another  instimce  I  nolioed  in  Dorselshire  some  years  ago.  It 
OMurred  in  a  large  pit,  excavated  in  Eocene  gravel,  immediately 
Bbi>v<>  the  tunnel  of  the  Dorchester  and  Weymouth  railway  at  Ridg- 
way  Hill.  The  gravel,  which  is  distinctly  siralified.  and  thrown  by 
the  grnt  disturhance  at  tliat  plnce  into  a  vertical  position,  has  ito 
layers  bent  over  towards  the  brow  of  the  hill  in  n  manner  exactly 
siiiiil'ir  to  the  case  already  described  ns  occurring  near  St,  AiiRtell's. 

Another  instance  may  be  citeil  from  Torquay,  where  the  edges  of 

thi'  Devonian  shale,  in  a  quarry  by  the  roiidsiiie,  just  abuve  tlie  Post 

office,  are  tamed  over  in  a  mont  marked  mnnner.     But  here  the 

rocks  are  on  the  side  of  a  steep  declivity,  and  the  old  explanation  of 

■  Oeol.  Jonm.,  voL  uiiiL,  p.  4SI. 
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the  **  weight  of  the  bill,**  that  is  of  the  teodeDcy  of  the  surfaoe  to 
slip  downwaids  under  the  infloenoe  of  frost,  might  be  apl>lied. 

In  none  of  these  cases  is  there  any  Bonlder-till  properly  so  called 
in  the  Ticinity. 

This  phenomenon,  and  also  the  Trail,  haYe  no  doobt  an  important 
bearing  upon  the  great  qneetion  of  denudation.  I  have  attribnted 
them  to  glacial  action.  But  the  theory  is  surrounded  with  many 
difficulties,  and  I  am  yery  anxious  to  see  the  question  discussed  by 
others  from  the  point  of  view  which  takes  special  account  of  the 
condition  of  the  disturbed  snbsoiL 

Mr.  Tiddeman  telle  ue  that  the  period  of  the  great  ice-sheet ''  was 
succeeded  by  a  period  of  depression,  well  marked  by  marine  sands 
and  gravels  up  to  600  or  700  feet  in  North  Lancashire."  Without 
attributing  such  views  to  Mr.  Tiddeman,  I  may  ask  whether  it  has 
not  been  customary  to  argue  from  local  deposits  at  high  levels,  to 
general  depressions  of  the  land  over  larger  areas  than  the  observa- 
tions warrant  ?  And  still  further,  whether  a  distinction  has  been 
preserved,  as  it  ought  to  have  been,  between  changes  of  relative 
level,  caused  by  elevation  and  depression  of  the  land  owing  to  in- 
trinsic motions  of  the  earth's  crust,  and  changes  in  the  depth  of  the 
sea,  such  as  might  be  due  to  the  attraction  of  accumulations  of  ice, 
or  other  causes  disturbing  the  water-level?  The  latter  would  clearly 
affect  larger  areas  than  the  foimer,  though  the  variation  of  lev^ 
might  often  be  less.  And  1  felt  this  when  in  my  paper  on  the  warp 
I  described  the  last  change  preceding  the  recent  period  by  saying, 
''  The  sea  was  then  depressed  again,  and  the  recent  period  com- 
menced." ^ 

Mr.  Tylor  gives  expression  to  a  similar  opinion  in  his  late  paper 
on  Denudation,'  and  tells  us  that  there  has  been  a  great  elevation  of 
the  land  '^  aloog  a  certain  line ;  lifting  marine  beds  1200  feet  at  one 
point.  The  movement  was  350  feet  in  Liincashire^  200  feet  at 
Goalbrookdale,  and  thence  gradually  ceasing."  He  also  remarks 
that  the  Cjfrena  sands  **  in  the  Thames  and  llumber  valleys  reach 
the  same  height  within  three  or  four  feet,  and  are  all  under  the  fifty 
ieet  range  at  the  present  time,"  and  *'  a  rise  in  the  sea  "  of  fifty  feet 
would  immerse  them. 

In  fact,  it  seems  to  me  that  the  strata  of  our  island  have  loi^ 
oscillated  at  intervals,  as  if  hinged  about  a  line  somewhere  near  the 
eastern  coast,  and  pcurallel  to  the  general  strike  of  the  Mesozoic 
nx^s ;  and  that,  in  consequence,  the  more  reoent  deposits  are  found 
at  a  much  greater  altitude  on  the  western  side  than  their  correlatives 
occupy  on  the  east.  To  the  same  cause  I  should  attribute  the  tame 
character  of  the  scenery  of  the  south-eastern  district  north  of  the 
Weald.  The  Chalk  and  Oolites  are  not  more  easily  denuded  here 
than  elsewhere,  yet  the  hills  which  they  form  are  lower.  The  rocks 
of  Cham  wood  forest  are  sufficiently  hard  to  fcMin  lofty  hills ;  but  they 
do  not  rise  more  than  1000  feet,  and  rarely  to  that  height  On  the 
other  hand,  atmospheric  agencies  are,  and  must  always  have  been, 

^  Geol.  Joum.,  vol.  xxii.,  pi  544. 
^  Geol.  Mao.,  Vol.  IX.,  p.  d95w 
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more  powerful  for  denuding  on  the  west,  where  more  rain  hXb^  and 
in  glacial  periods  there  would  no  doubt  have  been  more  snow.  May 
not  the  explanation  of  these  faots  be,  that  the  western  side  has  gone 
up  higher  within  some  late  period :  so  that  although  denudation  has 
gone  on,  perhaps  even  more  rapidly,  upon  its  hills,  they  nevertheless 
remain  more  lofty,  because  the  altitude  requiring  to  be  reduced  since 
that  time  has  been  more  considerable  2 


VI. — SUPPLSMENT4RT  NOTE  Olf  MINERALS  FOUND  IK  SOHXBSSTS&IBK.^ 

By  Spencbb  Gbokob  Pb&cbtal. 

AGATES  are  found  abundantly  in  Somersetshire.  Dr.  Buokland 
mentions  their  occurrence  at  Sandford,  near  Banwell,  Worle, 
and  Clevedon.  Trans.  Geol.  Soc,  ser.  2,  vol.  iiu,  p.  421.  See  also 
Sowerby's  British  Mineralogy,  vol.  v.,  1817,  p.  213. 

Copper  occurs  in  a  conglomerate  quarry  behind  the  village  of 
Alcombe,  near  Minehead. 

Fluor  spar  occurs  at  Clifton,  in  the  Great  Quarry  on  Uie  Glou- 
cestershire side  of  the  Avon,  in  the  form  of  small  purple  cubes,  in 
cavities  of  the  Mountain  Limestone,  lined  with  crystals  of  Calcite 
and  occasionally  of  Pearl  spar :  also  on  the  Somersetshire  side  of  the 
Avon  section. 

Bitumen  also  occurs  (liquid  and  consolidated}  in  adjoining  oavit^es 
in  the  Mountain  Limestone. 


I. — On  the  Fokmation  op  Mountains.' 

By  Captain  Hutton,  F.G.S.,  C.M.Z.S. 

^*  We  must  never  forget  that  it  is  principles,  and  not  phenomena — the  interpretation, 
not  the  mere  knowledge  of  foots — which  are  the  "objects  of  inquiry  to  the  Hstinl 
philosopher/' — Sir  J.  Herschel. 

THE  formation  of  mountains  does  not  very  well  descrihe  the  subject 
on  which  I  propose  to  lecture  to-night,  for,  strictly  speaking, 
mountains  are  formed  by  rain  and  snow  sculpturing  and  grooving 
what  would  otherwise  have  been  table  lands,  or  the  highest  portions 
of  the  undulations  of  the  earth's  surface ;  but  on  this  subject  I  do  not 
mean  to  touch.  I  propose  to  deal  with  the  undulations  themselves, 
out  of  which  mountains  are  carved  by  the  rain. 

It  is  w^ll  known  that  the  solid  surface  of  the  globe  is  uneven  and 
undulating,  that  the  lower  portions  are  covei-ed  by  the  ocean,  while 
the  higher  are  called  the  land,  and  it  has  also  been  proved,  by 
observations  extending  over  nearly  a  century,  that  these  undulations 
have  changed  in  form  and  position  over  and  over  again,  and  that 
changes  arc  still  going  on.  That  the  solid  surface  of  the  earth  should 
heave  and  quiver,  and  sway  up  and  down,  is  one  of  the  most  extra- 
ordinary phenomena  of  nature  with  which  science  has  made  us 

*  See  list  by  H.  B.  Woodward  in  Geol.  Mao.,  Vol.  IX.,  March,  1872. 
^  Substance  of  a  lecture  delivered  in  the  Ooloaial  Museum,  Wellington,  New 
Zealand,  13th  November,  1872. 
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acquainted,  and  it  is  one  which  has  never  yet  received  a  satisfactory 
explanation.  I  hope,  however,  to  be  able  to  show  you  that  it  is  but 
the  neoessary  effect  of  causes  which  we  know  from  observation  to  be 
oonstantly  going  on  on  the  surface,  combined  with  the  conduction 
outwards  of  the  interior  heat  of  the  earth. 

In  order  to  make  what  I  have  to  say  quite  clear  to  you,  I  must 
first  briefly  refer  to  some  general  considerations  on  the  interior  of  the 
earth.  Fortunately,  it  will  not  be  necessary  for  me  to  enter  into  the 
hoUy  disputed  question  as  to  whether  it  is  fluid  or  solid,  for  this  is 
immaterial  to  the  views  that  I  have  to  advance ;  all  that  is  necessary 
being  that  the  interior  is  very  hot  This  is  allowed,  I  believe,  by 
all  scientific  men,  the  proof  resting  principally  on  the  facts  that  we 
know  from  observations,  wherever  they  have  been  made,  that  the 
temperature  actually  does  rise  as  we  descend,  at  an  average  rate  of 
about  1^  Fahr.  for  every  fifty  feet,  and  that  the  density  of  the  earth 
is  so  small,  not  much  more  than  twice  that  of  the  ordinary  rocks  of 
the  surface,  that  there  must  be  some  expansive  force  in  the  interior 
sufficiently  powerful  to  balance  in  a  great  measure  the  enormous 
pressure  to  which  the  interior  of  the  ecurth  would  be  subjected. 
Assuming  then  that  the  interior  of  the  earth  is  intensely  heated,  and 
that  the  temperature,  for  a  depth  say  of  fifty  miles  from  the  surface, 
increases  at  the  rate  of  1^  Fahr.  for  each  fifty  feet,  it  necessarily 
follows  that  the  outer  shell,  or  "  crust,"  as  it  is  commonly  called,  to 
a  depth  of  somewhere  about  thirty-five  miles,  has  a  temperature  below 
the  melting  point  of  ordinary  rocks  at  the  surface,  while  all  below 
this  depth  has  a  temperature  above  its  melting  point  at  the  surface. 
Consequently,  we  have  an  outer  crust  in  which  the  attraction  of 
cohesion  among  the  molecules  is  greater  than  the  repulsion  caused 
by  heat,  surrounding  a  nucleus  in  which  the  repulsion  caused  by  heat 
among  the  molecules  is  greater  than  the  attraction  of  cohesion. 

The  outer  crust  must  therefore  be  more  or  less  rigid,  while  the 
superheated  interior  must  be  in  such  a  state  that  if  the  pressure  that 
keeps  it  in  its  place  is  decreased  at  one  point  it  will  expand,  and  this 
expansion  will  permeate  through  the  whole  mass  until  the  pressure 
is  again  equally  distributed  throughout.  Conversely,  if  the  pressure 
is  increased  on  any  point,  this  pressure  will  affect  the  whole  mass 
and  distribute  itself  evenly  through  it.  Of  course  I  need  hardly  say 
that  the  rigid  state  of  the  crust  is  not  separated  from  the  super- 
heated state  of  the  interior  by  a  marked  division,  but  the  one  passes 
imperceptibly  into  the  other.  Now  each  portion  of  this  rigid  crust 
must  be  maintained  in  its  place  by  three  forces,  viz. — its  weight,  the 
lateral  thrust  of  the  arch,  and  the  outward  pressure  of  the  super- 
heated interior.  While  these  three  forces  remain  constant,  equilibrium 
will  be  maintained,  and  no  movements  will  occur  on  the  surface. 
But  if  one  or  more  of  these  forces  change  in  amount,  the  equilibrium 
will  be  subverted,  and  movements  of  the  surface  will  take  place.  If 
also  the  equilibrium  be  disturbed  at  one  place,  it  follows,  from  what 
I  have  said  about  the  distribution  of  pressure  in  the  superheated 
interior,  that  the  equilibrium  will  also  be  disturbed  in  all  surrounding 
areas.     If,  for  instance,  an  upheaval  of  the  crust  should  take  ^Uaa  s.t 
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any  point,  the  underlying  superheated  rooks,  being  thus  relieved 
from  the  pressure  above  them,  would  expand  and  rise  up,  and  fill  the 
hollow;  but  this  expansion  would  spread  through  the  mass,  and 
would  therefore  lessen  the  outward  pressure  of  the  interior  in  sll  the 
surrounding  areas,  which  would  consequently  subside,  and  eqailibriom 
would  only  be  once  more  restored  when  the  mass  of  the  subsided 
areas  equalled  the  mass  of  the  elevated  areas.  Consequently  eleva- 
tion implies  subsidence,  and  vice  vered.  Where  now  must  we  look 
for  the  causes  that  are  in  operation  to  disturb  this  equilibrium  ?  The 
most  obvious  is  the  radiation  of  heat  into  spaoe  by  the  earth,  and  the 
consequent  cooling  and  contraction  of  the  superheated  interior.  This 
is  at  present  almost  universally  aooepted  by  geologists  as  the  oanseof 
the  movements  of  the  surface  and  the  upheaval  of  mountain  chains, 
but  many  arguments  have  been  urged  against  it,  and  although  I  am 
willing  to  allow  that  it  must  have  some  effect  in  producing  move- 
ments, these  effects  are,  1  think,  completely  absorbed  by  the  much 
larger  ones  that  flow  from  causes  that  1  shall  presently  describe ;  and 
it  is  quite  impossible  that  it  can  be  the  only  cause  of  movement, 
partly  because  some  effect  must  be  produced  by  the  other  causes  that 
1  have  yet  to  describe,  and  partly  because  since  the  Glacial  epoch  the 
earth  has  been  warming  instead  of  cooling,  and  consequently  no 
contraction  can  have  taken  place  since  then,  while  we  know  not  onlv 
that  extensive  movements  have  taken  plaoe,  but  that  they  are  stiU 
taking  plaoe  on  the  surface  of  the  globe. 

The  other  cause  of  disturbance  of  the  equilibrium,  to  which  I  have 
alluded,  is  the  removal  of  matter  from  one  portion  of  the  earth  by 
running  water  and  its  deposition  on  another  portion.  It  is  now 
nearly  forty  years  ago  since  Mr.  C.  Babbage,  in  his  celebrated  paper, 
read  before  the  Geological  Society  of  London,*  on  the  temple  of 
Jupiter  Serapis,  proposed  a  theory  to  account  for  oscillations  of  the 
surface  of  the  earth,  which  he  called  the  theory  of  *'  the  change  of 
isothermal  surfaces."  At  about  the  same  time,  Sir  J.  Herschel,  in  a 
letter  to  Sir  G.  Lyell,*  proposed  to  account  for  the  same  phenomena 
by  a  theory  which  he  called  ''the  alteration  of  the  incidence  of 
pressure.*'  Both  these  theories  are  founded  on  the  same  fact,  viz. 
the  removal  of  matter  from  one  portion  of  the  earth's  surface  and  its 
deposition  on  another ;  but  while  Mr.  Babbage  laid  the  most  stress 
on  the  changes  of  internal  temperature  that  would  be  thus  brought 
about,  Sir  J.  Herschel  laid  the  most  stress  on  the  change  of  direct 
pressure,  or  weight.  These  theories  have  never  been  taken  up  by 
geologists,  but  I  hope  to  be  able  to  show  to  you  that,  when  combined, 
they  are  capable  of  explaining  all,  or  nearly  all,  of  the  observed 
phenomena.  1  have  already  told  you  that,  owing  to  its  internal 
heat,  the  mean  tempemture  of  the  earth  increases  as  we  descend  into 
it  at  the  rate  of  about  1°  Fahr.  for  every  fifty  feet.  If,  therefore,  the 
mean  temperature  of  the  surface  at  any  place  was  50^  Fahr.  the  mean 
temperature  100  feet  below  would  be  52^  Fahr.  If  now  the  surface 
was  covered  up  by  a  deposit  of  clay  or  sand  100  feet  thick,  and  if  its 
surface  retained  the  same  mean  temperature  as  the  old  one,  vi&  50° 

>  Quart  Joura.  Geo.  8oc.,  iii.,  p.  186.       '  Proo.  Oeol  Soe.,  iL,  pp.  618,  696. 
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Fahr.,  the  mean  temperature  of  the  old  snrface  would  be  raised  2®» 
or  to  52^,  while  at  100  feet  below  it  would  be  54'',  and  so  on,  so  that 
the  coveriug  of  the  enirfaoe  by  a  deposit  100  feet  thick  would  raise 
the  temperature  of  the  whole  underlying  rocks  2^.  If  the  deposit 
was  thicker,  the  temperature  would  of  course  be  more  raised  in  pro- 
portion. Now  we  know  that  rocks  expand  on  being  heated, '  and 
contract  on  being  cooled,  and  Colonel  Totten  and  Mr.  Adie  have 
shown  that  this  expansion  for  each  degree  of  temperature  is  from 
iilofi  to  ,  ^lf^^  of  the  whole,  according  to  the  nature  of  the  rock. 
If,  however,  the  deposit  was  unconsolidated,  like  day  or  sand,  and 
the  particles  were  free  to  move  among  themselves,  this  expansion 
would  have  very  little  effect  in  raising  the  surface  ;  but  if  the  deposit 
was  rigid,  like  limestone,  the  effect  would  be  totally  different,  and 
the  irresistible  pressure,  caused  by  the  expansion  of  the  rock,  could 
only  be  relieved  by  the  whole  stratum  bulging  upwards  and  forming 
an  arch,  or  more  properly  a  dome ;  and  as  we  know  the  rate  of 
expansion,  we  can  calculate  what  the  elevation  would  have  to  be  on 
a  sphere  the  size  of  the  earth,  for  various  temperatures  and  for 
different  areas,  in  order  to  relieve  the  pressure.  This  is  exhibited  in 
the  following  table,  which  is  part  of  a  larger  table  that  I  have  calcu- 
lated.' In  it  the  upper  line  \6  the  thickness  in  feet  of  the  deposit, 
while  the  second  line  is  the  temperature  due  to  that  thickness.  The 
left-hand  column  is  the  diameter,  or  breadth,  in  miles  of  the  heated 
area,  while  the  other  columns  show  the  elevation  in  feet  that  would 
take  place: 


Thickness  ..•    

500  feet     '    2,500  feet.      10,000  feet. 

1 

25,000  feet 

Temperature     

10^                    50'                  200' 

500' 

Breadth,  100  miles  ... 

600    „      ... 

„     1,000    „      ... 

„       <ft,UUv     „        ... 

1,140  feet        3,700  feet.   '     8,700  feet. 
1,560     „          7,220     „        24,200     „ 
1,670     „          7,700     „      ;  28,600    „ 
1,900     „          7,800     „     ;  30,700     „ 

14,600  feet 
49,300     „ 
65,400     „ 
74,400     „ 

From  this  table  it  will  be  seen  that  formations  no  thicker  nor  more 
extensive  than  those  that  we  know  to  have  been  deposited,  are  quite 
capable  of  being  elevated  far  above  the  highast  known  mountains. 

It  may  have  occurred  to  you  that  a  bed  of  limestone  would  not  be 
capable  of  supporting  itself  as  an  arch,  and,  therefore,  that  instead  of 
being  elevated  it  would  break  up  into  fragments ;  this  is  very  true, 
if  the  arch  was  entirely  unsupported,  but  as  soon  as  the  expansion 
overcame  the  rigidity  of  the  crust,  and  movement  commenced,  the 
underlying  superheated  rocks,  being  relieved  from  pressure,  would 
rise  up  and  still  press  upwards  on  the  rising  arch,  so  that  the 
pressure  expended  in  elevation  would  be  that  capable  of  overcoming 
the  rigidity  only  of  the  crust,  and  not  its  weight  You  may  also 
have  noticed  that  unless  the  rate  of  deposition  was  greater  than  the 

^  Claj  contracts  on  being  heated,  but  this  does  not  affect  the  theory. 
*  This  table  is  calculated  on  the  snppositions  that  the  earth  is  a  sphere,  with  a 
radios  of  3956  miles,  and  that  rocks  expand  '000005  for  1'  Fahr. 
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rate  of  the  oondaotion  of  heat  oatwards,  no  deposit  would  rise  above 
the  surface  of  the  sea,  for  as  soon  as  deposition  peased  the  increase  of 
temperature  would  oease  also ;  and  conversely,  the  greater  the  difiSar- 
ence  between  the  rates  the  greater  would  be  the  rise,  for  the  longer 
would  be  the  time  before  the  deposit  attained  its  normal  temperature. 

The  data  to  estimate  these  rates  are  not  very  exact,  more  especially 
the  rate  of  deposition,  but  the  following  is  the  best  information  that 
I  can  collect : — 

Monsieur  Joseph  Fourier  has  calculated  that  the  earth  decreases  in 
temperature  by  radiation  V  Fahr.  in  8,000,000  years,^  and  from  this 
we  can  deduce  that  the  conduction  outwards  must  be  about  one-tenth 
of  an  inch  a  year.  Sir  W.  Thomson's  calculations,  founded  on  ex- 
periments made  at  Edinburgh,  Greenwich,  and  Upsala,  give  an 
outward  conduction  two  and  three  quarter  times  as  fast ;  but  these 
experiments  were  made  on  dry  rocks,  and  he  allows  that  if  the  rocks 
were  saturated  with  water,  as  all  newly-formed  deposits  would  be, 
his  estimate  would  have  to  be  reduced  by  one-half;  which  would 
then  give  an  outward  conduction  of  one-eighth  of  an  inch  per  year. 
Peclet's  experiments  show  also  that  the  conductivity  of  limestone  is 
only  two-fifths  of  the  average  taken  by  Sir  W.  Thomson,  or  one-tenth 
of  an  inch  per  year.  Consequently,  we  cannot  be  far  wrong  if  we  take 
the  average  conductivity  outwards  at  one-ninth  of  an  inch  per  year. 

Professor  Dana  has  estimated  that  limestone  grows  at  the  rate  of 
one-eighth  of  an  inch  per  year,  and  sandstone  five  to  ten  times  as 
fast,  or  from  five-eighths  to  one  and  a  quarter  inch  per  year ;  while 
the  average  increase  in  thickness  of  the  clays  of  deltas  appears  to  be 
about  one-fifth  of  an  inch  per  year ;  so  that  if  we  suppose  a  forma- 
tion to  be  about  one-third  limestone,  we  get  an  average  rate  of 
deposition  for  the  whole  formation  of  one-third  of  an  inch  per  year, 
or  three  times  as  fast  as  the  conduction  of  heat  outwards. 

If  at  the  present  time  the  internal  heat  travels  outwards  at  the 
rate  of  one-ninth  of  an  inch  per  year,  it  would  take  54,000  years  to 
heat  a  deposit  500  feet  in  thickness ;  but  a  deposit  500  feet  in  thick- 
ness implies  a  rise  of  temperature  in  the  underlying  rocks  of  10°, 
which  implies  an  elevation  of  1,140  feet  if  the  heated  area  was  100 
miles  in  diameter,  or  1,900  feet  if  it  was  2,000  miles  in  diameter, 
consequently  in  the  first  case  the  land  would  have  risen  1,140  feet, 
and  in  the  last  1,900  feet  in  54,000  years,  or  at  the  rate  of  from  two 
to  three  and  a  half  feet  per  century,  which  is  just  the  rate  that  Sir 
C.  Lyell  considers  as  most  probable  from  obser\'ation. 

But  in  former  times  when  the  internal  temperature  increased 
three  times  as  fast  as  it  does  now,  or  1^  for  seventeen  feet,  the  con- 
duction outward  would  be  equal  to  the  deposition,  and  consequently 
no  land  could  rise  above  the  water,  and  tliis  may  have  been  the  cants 
of  the  **  insular  condition  "  which  seems  to  have  prevailed  over  the 
worhl  during  Palseozoic  times.  According  to  the  theory  of  the 
secular  cooling  of  the  earth,  advocated  by  Sir  W.  Thomson,  these 
conditions  must  have  occurred  about  eleven  and  a  half  millions  of 
years  after  the  formation  of  the  crust,  or  about  eighty-eight  and  a 

^  Theorie  de  la  Chalear,  Paris,  1822. 
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half  millions  of  yean  ago.  From  tliat  time  to  the  present,  elevation 
must  have  gone  on  in  an  increasing  scale ;  but,  although  increasing 
in  height,  it  must  have  also  been  decreasing  in  rapidity,  and  a  time 
must  inevitably  arrive  when  elevation  will  be  so  slow  that  it  will  do 
no  more  than  equal  denudation,  and  when  again,  therefore,  no  more 
laud  can  rise  much  above  the  surface  of  the  sea.  Now,  it  has  been 
estimated  that  a  foot  of  soil  is  removed  by  denudation  in  from  500 
to  12,000  years,  according  as  the  land  ib  mountainous  or  level,  and  if 
we  take  the  lowest  estimate  as  that  which  will  be  nearest  to  the 
conditions  at  the  time  I  am  talking  about,  we  find  that  the  interior 
heat  would  have  to  increase  at  the  rate  only  of  1°  in  10,000  feet  to 
bring  about  the  result.*  This,  by  Sir  W.  Thomson's  theory,  will  not 
be  for  thirteen  billions  of  years;  so  that  the  earth  is  but  in  its 
infancy  between  birth  and  the  repose  of  old  age,  and  we  have  plenty 
of  time  to  look  forward  to  for  improvement  and  development 

But  leaving  these  i^)eculations,  it  is,  I  thinks  time  that  I  gave  you 
an  illustration  of  the  theory,  1  select  the  Wealden  District  in  the 
South  of  England.  This  district  extending  throu^  Kent,  Sussex, 
and  Hampshire,  is  formed  by  an  anticlinal  curve  of  the  Cretaceous 
and  wealden  strata.  The  thickness  of  the  beds  is  3,400  feet,  and  the 
highest  part  of  the  arch  would  have  attained,  if  the  upper  portion 
had  not  been  denuded  off,  a  height  of  about  3,600  feet  above  the  sea. 
The  base  of  the  arch  below  London  is  about  500  feet  below  the  sea, 
80  that  the  total  rise  of  the  arch  must  have  been  about  4,100  feet, 
while  the  breadth  of  the  anticlinal  from  London  to  some  point  in  the 
English  Channel  is  about  100  miles ;  these,  therefore,  are  our  data. 
Now  a  thickness  of  3,400  feet  implies  an  elevation  of  temperature  of 
68°,  and  this  over  a  breadth  of  100  miles  would  give  an  elevation  of 
4,650  feet,  that  is  to  say  150  feet  more  than  the  actual  rise.  But  as 
the  land  rose  above  the  sea  denudation  would  commence  to  work 
upon  it,  so  that  the  temperature  would  not  be  able  to  rise  the  whole 
68°,  and  this  will  account  for  the  150  feet  which  the  anticlinal  arch 
failed  to  attain. 

I  will  give  you  another  and  more  general  illustration.  During 
the  Eocene  period  a  large  ocean,  at  least  5,000  miles  long  by  1,800 
broad,  extended  over  the  south  of  Europe  and  the  north  of  Africa, 
and  was  continued  eastward  through  Asia  Minor,  Persia,  and  Northern 
India  to  China.  In  this  ocean,  what  is  known  as  the  Nummulitic 
Limestone  was  formed  to  a  thickness  of  15,000  feet.  Consequently 
if,  as  I  have  said,  large  limestone  deposits  produce  elevation,  it  is 
here  that  we  ought  to  find  the  evidence  of  it ;  and  this  we  plainly  do 
in  the  Atlas,  Pyrenees,  Alps,  Apennines,  Carpathians,  Himalayas, 
and  the  mountain  chains  of  Persia ;  we  find,  in  fact,  that  the  area  of 
the  Nummulitic  Limestone  embraces  the  most  mountainous  country 
in  the  world,  and  geology  shows  us  that  these  mountains  are  all 
about  the  same  age,  and  all  have  been  elevated  since  the  period  of 
the  Nummulitic  Formation.  A  thickness  of  15,000  feet  of  limestone 
over  an  area  1,800  miles  in  breadth  is  also  more  than  sufficient  to 
elevate  into  the  air  the  most  towering  peaks  of  the  Himalaya. 

>  I  need  hardly  say  that  these  nomhers  are  introduced  as  an  vLlu&tnL\iou  mfit^V^^v^.^ 
make  no  pretension  to  accnracjr. 
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I  might  also  adduce  the  Appalaohian  monntaina  in  America  as  a 
beautiful  illustration  of  the  theory,  every  elevation  tliat  has  taken 
place  distinctly  following  the  depocdtion  of  limestone,  and  occiirring 
only  where  the  limestone  was  deposited,  eznept,  perbaps,  the  last 
elevation  after  the  Carboniferous  period,  which  at  present  I  cannot 
account  for — for,  according  to  American  geolo^st?,  the  Carboirifenras 
Limestone  never  overlaid  these  mountains.  But,  besideB  the  deposi- 
tion of  matter,  any  other  cause  that  changed  the  temperature  of  the 
surface,  would  also  produce  alterations  of  level — a  rise  in  the  tem- 
perature being  followed  by  elevation,  and  a  &11  by  subsidence  owing 
to  the  cooling  and  contracting  rocks  forming  part  of  the  surface  of  a 
sphere.  In  this  way,  the  Gulf  Stream,  by  raising  the  temperature 
of  Norway  and  Sweden,  is  causing  them  to  rise;  while  the  oold 
Arctic  current,  sweeping  down  through  Baffins  Bay  and  striking 
against  Greenland,  is  causing  that  country  to  sink. 

Turning  now  to  the  second  cause  of  the  subversion  of  eqailibrivm, 
viz.  change  in  the  incidence  of  pressure,  we  find  our  data  not  so 
satisfactory,  for  we  have  no  means  of  estimating  the  rigidity  of  the 
crust,  and  therefore  of  the  weight  it  would  bear  before  beginning  to 
move,  but  nearly  all  geologists  agree  that  most  thick  formations  of 
sandstones  and  clays  have  been  deposited  upon  a  sinking  area,  and 
that  in  a  largo  number  of  cases  the  subsidence  has  been  approxi- 
mately equal  in  rapidity  to  deposition.  Now  the  chances  are,  of 
course,  enormously  against  sulwidence  being  equal  to  deposition, 
unless  one  is  caused  by  the  other,  and  when  many  cases  of  the  kind 
are  brought  forward,  our  former  suspicion  becomes  almost  a  cer- 
tainty. This,  of  course,  only  applies  to  clays  and  sandstones,  for  I 
have  already  shown  that  limestones,  as  soon  as  they  begin  to  expand, 
by  heat,  rise  up  and  relieve  the  pressure ;  but  with  unconsolidated 
beds,  like  clay  or  sand,  the  horizontal  thrust  eould  never  get  power- 
ful enough  to  overcome  the  rigidity  of  the  crust,  and  consequently 
they  could  never  rise. 

As  large  deposits  of  limestone,  therefore,  elevate  areas^  so  laige 
deposits  of  argillaceous  strata  depress  them.  But  while  argillaceous 
strata  are  being  formed  they  will  not  only  be  compressed  by  the 
sinking  of  the  spherical  surface  on  which  they  rest,  but  they  will  also 
at  the  same  time  be  expanded  by  heat,  and  these  two,  together,  will 
throw  the  beds  into  folds  or  contortions. 

If  we  suppose  that  the  subsidence  is  equal  to  the  thickness  of  the 
formation,  which  is  the  most  reasonable  supposition  that  we  can 
make,  wo  can  calculate  the  amount  of  coniprossion  due  to  sinking, 
and  to  expansion  from  heat,  due  to  diifercnt  thicknesses.  Some  of 
these  are  given  in  the  following  table,  the  upper  line  of  whidi 
represents  the  thickness  of  the  formation  in  feet,  and  the  lower  the 
proportionate  compression : — 


Thickness  ... 
Compression 


6,000  feet        10,00»feet 


TTSTnr 


3  0  A 


20,000  feet 


ttJtt 


25,000  ftet 
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A  first  inspectioii  of  this  table  will  give  the  impression  that  these 
compressions  are  not  nearly  enough  to  account  for  the  contortions 
we  see  in  mountain  districts,  but  I  belieye  that  oar  ideas  of  contor- 
tions are  very  incorrect,  owing  to  the  necessarily  exaggerated  sections 
that  accompany  geological  descriptions.  The  only  sufficiently  ac* 
oarate  section  that  I  have  been  able  to  see  is  Professor  Ramsay's 
beautiful  section  through  Snowdon,  in  North  Wales,  and  after  care- 
folly  measuring  it,  and  allowing  for  the  faults  and  intrusive  rocks,  { 
find  that  the  compression  in  this  mountainous  district  is  one-sixteenth. 
We  must  also  remember  that  the  contortions  that  we  now  see  are 
the  sum  of  all  ther  compressions  that  have  taken  place  at  various 
times,  for  the  rocks  after  being  bent  do  not  straighten  out  again  on 
being  stretched,  but  elongate  by  faulting.  A  considerable  amount 
of  the  contortions  of  the  lower  beds  of  a  formation  will  also  be  a 
necessary  consequence  of  elevation  by  expansion,  for  during  eleva- 
tion the  lower  beds  will  not  be  able  to  expand  so  much  as  the  upper 
ones  of  the  arch,  although  much  more  heated. 

The  subsidence  of  an  area  caused  by  the  weight  of  newly-deposited 
matter  will  compress  the  underlying  superheated  rocks,  and,  as 
explained  at  the  commencement  of  the  lecture,  this  will  cause  an 
increase  of  upward  pressure  in  the  surrounding  areas.  This  increase 
of  upward  pressure  will  cause  elevation  in  the  surrounding  districts, 
the  rocks  will  be  subjected  to  tension,  and  fissures  will  be  formed. 
Up  these  fissures  the  superheated  rocks  of  the  interior  will  rise,  and 
if  they  reach  the  surface  will  fotm  volcanoes  and  overflow  as  lava 
streams.  In  this  way  mountains  of  quite  a  dififerent  character  to 
those  we  have  lately  considered  will  be  formed. 

I  have  now  explained  to  you  the  theory  of  Messrs.  Herschel  and 
Babbage  in  its  simplest  form,  but  in  nature  we  should  rarely  find 
this  simplicity.  These  two  great  powers — expansion  by  heat,  and 
increase  of  weight — ^would  sometimes  combine  and  sometimes  inter- 
fere with  each  other.  Complications  would  also  arise  from  the 
dififerent  degrees  of  fusibility,  conductivity,  porosity,  and  expansion 
of  rocks,  while  the  changes  in  physical  geography  caused  by  the 
changes  in  the  position  of  the  land  would  constantly  alter  the  mean 
temperature  of  the  surface,  so  that  veiy  complex  phenomena  might 
result  from  these  simple  causes. 

To  sum  up.  Mountain  chains  are  of  two  kinds.  The  first,  of 
which  the  Alps  may  be  taken  as  a  type,  are  composed  of  folded  and 
contorted  strata,  generally  associated  with  raetamorphic  and  granitic 
rocks.  These  have  been  foimed  by  heavy  argillaceous  deposits, 
causing  subsidence  and  contortion,  which  have  been  subsequently 
elevated  by  the  superposition  of  calcareous  beds.  The  second  kind, 
of  which  the  Andes  may  be  taken  as  the  type,  arc  composed  of  nearly 
horizontal  strata,  generally  associated  with  volcanio  rocks.*  These 
have  been  fornied  by  the  upward  pressure  of  the  underlying  rocks 
caused  by  the  subsidence  of  adjoining  areas,  and  owe  their  height 

*  See  also  Darwin  "  On  Yolcanic  Phenomena  in  South  America." — Trans.  Geol. 
See.,  2ud  series,  p.  601. 
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partly  to  this  upward  pressure,  bnt  often  in  great  part  to  the  over- 
flowing of  the  superheated  rocks  on  the  surfaee. 

There  is,  however,  one  other  point  that  has  still  to  be  taken  into 
account  If  we  calculate  the  mass  of  the  ocean  we  shall  find  that  it 
is  sufficient,  if  the  surface  of  the  earth  were  level,  to  cover  it  entiielv 
to  a  depth  of  at  least  two  miles.  Now,  if  it  is  tme  that  the  earat 
has  been  formed  by  the  slow  condensation  of  gaseous  matter,  we 
can  see  no  possible  reason  why  any  of  the  gaseous  materials  should 
be  confined  in  the  interior  solidifying  portions,  and  by  their  attempts 
to  escape  cause  eructations,  or  bubbles  that  could  raise  any  part  of 
the  solid  mass  more  than  two  miles  high.  In  other  words,  I  do  not 
see  how  there  could  be  any  boiling  or  swelling  up  sufficient  to  fonn 
land  above  the  surface  of  the  ocean.  If  then  there  was  no  land  in 
this  primeval  ocean  for  denudation  to  act  upon,  what  was  it  that 
first  disturbed  the  equilibrium  of  the  crust  aiid  so  led  the  way  to 
those  stupendous  changes  that  we  know  have  since  taken  place? 
But  one  answer  can  I  think  be  given  to  this  question,  vis.  the  origin 
of  life.  Chemists  are  agreed  that  carbonate  of  lime  was  in  solution 
in  this  primeval  ocean,  and  when  life,  or  rather  life  capable  of 
secretiug  carbonate  of  lime,  appeared,  it  would  abstract  this  sub- 
stance out  of  the  ocean  and  deposit  it  on  particular  areas,  and  thus, 
by  disturbing  the  equilibrium,  would  prepare  the  world  to  be  the 
habitation  for  those  countless  myriads  of  organized  beings  whioh 
now  swarm  over  it-. 

I  will  hazard  one  more  supposition.  Over  this  primeval  ocean 
the  winds  must  have  swept  with  great  regularity,  and  currents  must 
have  followed  in  their  wake.  Now  these  currents  would  naturally 
take  two  directions,  one  N.E.  and  S.W.,  and  the  otlier  at  right 
angles  to  it  If,  therefore,  we  suppose  life  to  have  originated  at 
any  one  point,  it  would  gradually  spread  in  a  N.E.  and  S.W.,  or 
N.W.  and  S.E.  direction,  and  the  first  calcareous  deposits,  and  con- 
sequently the  first  land,  would  take  these  directions  also.  This 
would  give  the  direction  of  other  deposits,  and  although  much 
obliterated  by  the  complications  that  have  since  taken  place,  we  can 
possibly,  even  now,  trace  in  the  directions  of  our  mountain  chains 
some  remnant  of  this  primeval  arrangement  But  this  is  sheer 
speculation. 

Such  is  an  outline  of  what  I  propose  to  call  the  Herschel-Babbage 
theory,  after  the  two  distinguished  philosophers  who  originated  it; 
it  has  the  advant'ige  over  all  other  theories  of  the  same  nature  of 
being  capable  of  being  proved  or  disproved  by  observations  in  the 
field.  When  firmly  established,  as  I  believe  it  will  be,  it  will  throw 
a  new  light  on  geology,  for  it  gives  significance  to  the  thickness  and 
composition  of  every  rock,  and  to  its  geographical  position ;  it  gives 
significance  to  every  bend  and  fold  in  the  strata,  to  every  fault  and 
volcanic  dyke ;  and  it  will  also  be  found  to  furnish  us  with  a  key 
that  will  decipher  many  of  the  hitherto  obscure  passages  in  geologi* 
cal  history. 
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11. — ^Thb  Aktiqvitt  of  Man  in  Bbitain.^ 

By  JjLMSs  Qbikib,  F.R.S.E.,  F.6.S., 
Bistriot  Surreyor  fl.M.  Geological  Surrey  of  Scotland. 
OEIKIE,   after  some  introductory  remarks,  in  which  he 


dwelt  pointedly  upon  the  great  advance  made  within  recent 
years  in  our  knowledge  of  prehistoric  times,  went  on  to  say  that 
what  he  proposed  to  do  on  that  occasion  was  to  hring  hefore  his 
audience  in  a  general,  way  the  evidence  which  had  weighed  with 
archaeologists  and  geologists  in  assigning  to  man  a  much  greater 
antiquity  than  had  at  one  time  been  allowed.  Thereafter  he  should 
attenipt  to  sketch  in  outline  certain  investigations  of  his  own,  which 
enabled  him,  as  he  thought,  to  give  a  greater  precision  to  our  views 
of  that  antiquity,  and  this  to  such  a  degree  that,  with  the  help  of 
the  astronomer  and  the  physicist,  he  believed  we  should  eventually 
arrive  at  some  approximate  estimate  of  the  number  of  years  which 
had  elapsed  since  the  earliest  savage  tribes  of  whom  we  had  any 
trace  fint  occupied  the  caves  of  England.  Mr.  Geikie  next  pro- 
ceeded to  describe  how  archaeologists  had  arranged  under  three 
groups  all  the  monuments  and  memorials  of  man  that  belonged  \xi 
prehistoric  times.  The  oldest  relics  were  rude  implements  of  stone ; 
next  in  point  of  antiquity  came  articles  of  bronze,  and  these  were 
succeeded  by  relics  made  of  iron.  Hence  arose  the  terras  Stone  Age, 
Bronze  Age,  and  Iron  Age.  He  cautioned  his  hearers,  however,  against 
supposing  that  any  hard  and  fast  line  separated,  these  three  ages. 
Each  undoubtedly  flowed  into  the  one  by  which  it  was  succeeded. 
With  the  ages  of  bronze  and  in)n  the  geologist  had  but  little  to  do, 
they  lay  chiefly  within  the  domain  of  archsBology.  It  was  quite 
another  matter,  however,  with  the  stone  age,  the  history  of  which 
could  be  worked  out  only  by  the  geological  method.  The  Stone  Age 
was  subdivided  into  two  periods,  termed  respectively  the  neolithic 
or  new  stone  period,  and  the  palaeolithic  or  old  stone  period.  To 
the  neolithic  period  belonged  those  implements  and  weapons  which 
are  often  more  or  less  polished  and  finely  finished,  and  which,  in 
variety  of  form  and  frequent  elegance  of  design,  evince  no  small 
skill  on  the  part  of  the  old  workmen.  These  relics,  he  remarked, 
occurred  throughout  the  whole  length  and  breadth  of  the  land,  from 
the  south  of  England  to  the  north  of  Scotland,  and  they  abounded  in 
Ireland.  As  a  rule  they  were  met  with  at  or  near  the  surface  of  the 
ground,  and  were  often  associated  with  the  remains  of  such  animals 
as  sheep,  horse,  dog,  pig,  and  certain  species  of  oxen.  The  weapons 
and  tools  of  the  palaeolithic  period  were  of  altogether  ruder  form  and 
finish.  They  were  merely  cliipped  into  the  requisite  shape  of  adze, 
hatchet,  scraper,  or  whatever  the  implement  might  chance  to  be. 
Although  some  dexterity  was  shown  in  the  fashioning  of  these  rude 
implements,  yet  they  certainly  betokened  much  less  skill  than  the 
relics  of  the  neolithic  period.     He  remarked  that  an  experienced 

'  Beings  the   snbetance  of  a  Lecture  delivered  on  30th  January,  1873,  before  the 
Birkenhead  Literary  and  Scientific  Society,  Claughton  Bead,  Birkenhead. 
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archaeologist  had  no  difficulty  in  reoognixing  and  distinguishing 
palaeolithic  implements  at  once  from  relics  of  the  neolithic  age.  They 
found  no  tools  or  implements  of  intermediate  forms  that  might  indicate 
a  gradual  improvement  and  progress  from  the  rude  palaeolithic  types 
to  the  polished  and  elegant  implements  used  hy  neolithic  man.  The 
one  set  of  tools  was  sharply  marked  off  from  the  other.  The  con- 
clusion could  not  be  resisted  that  the  people  who  used  the  palsBolithic 
implements  were  much  less  advanoed,  and  decidedly  inferior  in 
mechanical  skill  and  contrivance  to  the  race  or  races  by  whom  the 
polished  implements  wero  fashioned.  A  distinct  passage  could  be 
traced  from  the  new  stone  period  into  the  bronze  age ;  but  between 
the  disappearance  of  palaeolithic  man  and  the  advent  of  neoHthio  man 
thero  occurred  a  blank  which  the  ingenuity  of  arohaeologists  had 
hitherto  failed  to  bridge  over.  The  lecturer  then  proceeded  to  de- 
scribe the  positions  in  which  palaeolithic  implements  were  found, 
viz.  in  caves  and  in  ancient  river  gravels.  As  a  good  example  of 
the  former  he  instanced  Kent's  Cavern  in  Devonshiro,  and  gave  some 
details  as  to  the  mode  in  which  the  implements  wero  associated  with 
the  remains  of  extinct  mammalia  upon  the  floor  of  that  oave,  all 
buried  under  a  thick  cake  of  stalagmite.  The  special  proofs  of  the 
great  antiquity  of  this  cavern-deposit  wero  pointed  out,  the  leoturor 
remarking  that  now  no  one  who  was  competent  to  judge  doubted 
that  the  animal  remains  and  the  human  relics  both  belonged  to  one 
and  the  same  period  or  periods.  The  mammalia  he  classed  under 
two  divisions— first,  species  which  lived,  and  many  of  winch  are 
still  living,  under  arctic  conditions ;  and  second,  species  which  are 
either  now  denizens  of  temperate  and  warm  regions,  or  have  in  those 
zones  their  nearest  representatives.  The  first  group  embraced  such 
animals  as  the  reindeer,  glutton,  musk-sheep,  etc  The  second  group 
contained  the  horse,  wolf,  wild-cat,  extinct  cave-bear,  Irish  deer,  and 
so  forth — all  being  species  characteristic  of  temperate  climates; 
while  as  representatives  of  warm  climates  we  had  two  species  of 
rhiiioceroR,  the  elephant,  the  hippopotamus,  the  lion,  the  hyoena,  and 
others.  Mr.  Geikie  insisted  that  this  commingling  of  arctic  and 
southern  species  pointed  to  former  changes  of  climate,  and  not^  as 
some  had  supposed,  to  a  period  of  strongly  contrasted  summere-and 
winters,  during  which  great  migrations  took  place.  Such  a  climate 
could  not  possibly  obtain  in  Europe  under  the  geographical  and 
physical  conditions  which  are  known  to  have  existed  during  pleis- 
tocene times.  He  then  recapitulated  the  geological  evidence  fur- 
nished by  cave  deposits,  and  showed  that  nowhere  did  the  palaeolithio 
deposits  pass  up  gradually  into  neolithic  accumulations.  On  the 
contrary,  there  was  a  sharp  and  abrupt  break  between  the  older  and 
the  later  deposits.  The  evidence  relating  to  the  ancient  river  gravels 
was  next  taken  up.  The  position  of  these  deposits  was  described,  and 
tlie  mode  of  their  formation  indicated  by  means  of  diagrams.  The 
occurrence  in  these  ancient  river  beds  of  palaeolithic  implements,  and 
the  remains  of  extinct  and  no  longer  indigenous  mammalia^  fur^ 
nished  evidence  in  regard  to  changes  of  climate  of  precisely  the  same 
nature  as  that  supplied  by  the  cave-eartlis  and  breccias.     It  was  also 
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clearly  prored  by  the  river  gravels  that  palsdolithio  man  entered 
Britain  ages  before  the  valleys  in  the  south  of  England  were  hol- 
lowed out  to  their  present  depth — that  during  his  long  occupation 
the  rivers  suoceeded  in  cutting  out  the  valleys  to  their  present  depth 
and  breadth — and  that  not  until  this  was  effected  did  palaeolithic 
man  disappear  and  neolithic  man  take  his  place.  No  neolithic  re- 
mains occurred  in  the  ancient  river  gravels.  The  evidence  of  these 
gravels  thus  bore  out  that  which  was  furnished  by  the  caves  and  by 
a  comparison  of  the  two  sets  of  stone  implements  themselves,  and  all 
combined  to  show  that  a  decided  and  well-marked  break  separated 
the  palaeolithic  from  the  neolithic  period.  What,  then,  was  the 
nature  of  this  break?  What  caused  palaeolithic  man  and  the  old 
pachyderms  to  disappear  at  once  and  altogether  before  neolithic  man 
and  an  almost  totally  different  group  of  animals  entered  the  country  ? 
To  answer  this  question  it  was  necessary  to  consider  the  deposits  be- 
longing to  that  wonderful  period  which  was  known  as  the  Ice  Age, 
or  Glacial  Epoch.  By  means  of  maps  and  diagrams  the  lecturer 
then  pointed  out  the  salient  features  of  the  evidence  under  this  head. 
He  described  a  number  of  sections  representing  glacial  deposits  in 
Scotland,  Switzerland,  and  North  America,  and  explained  how  these 
showed  that  the  Glacial  epoch  was  not  one  long  uninterrupted  age 
of  ice,  but  rather  a  succession  of  cold  and  mild  periods.  There  was 
distinct  evidence  to  prove  that  the  great  ice-sheet  which  buried 
Scotland  to  a  depth  of  not  less  than  three  thousand  feet,  and  which 
filled  up  all  our  shallow  seas  and  even  overflowed  the  outer  Hebrides, 
sometimes  melted  away  from  our  seas  and  low  grounds  and  retired 
to  the  deep  glens  of  the  highlands,  and  then  rivers  flowed  in  our 
valleys  and  many  lakes  appeared,  and  the  country  was  clothed  and 
peopled  with  plants  and  animals.  Similar  phenomena  were  found  to 
characterize  the  glacial  deposits  of  Switzerland  and  America.  The 
Scottish  interglacial  deposits  had  yielded  remains  of  the  mammoth, 
the  Irish  deer,  the  horse,  the  great  ox,  and  smaller  animals  such  as 
frogs  and  water-rats,  and  fragments  of  various  kinds  of  trees,  besides 
organisms  peculiar  to  fresh- water.  The  Swiss  accumulations  con- 
tained beds  of  lignite  with  which  were  associated  the  great  ox, 
the  rhinoceros,  the  elephant,  and  other  animals. 

In  America  ancient  forests  were  found  lying  between  glacial 
deposits,  the  trees  being  still  indigenous  to  that  country,  and  remains 
of  the  old  pachyderms  had  been  met  with  in  a  similar  position.  In 
Scandinavia  there  was  evidence  to  show  that  the  glacial  epoch  was 
interrupted  by  at  least  two  miJd  interglacial  periods.  Tlie  eviilence 
derived  from  all  these  regions  also  clearly  proved  that  since  the  last 
cohl  i>eriod  of  the  glacial  epoch  there  had  been  no  warm  or  genial 
conditions,  but  only  a  gradual  amelioration  of  climate  down  to  the 
present  time.  The  lecturer  then  went  on  to  point  out  what  bearing 
these  facts  had  upon  the  question  of  man's  antiquity  in  Britain. 
The  evidence  furnished  by  the  palaeolithic  deposits  showed  that 
during  their  accumulation  man  experienced  two  kinds  of  climate, 
one  of  which  was  cold  and  almost  arctic  in  character,  the  other  mild 
and  genial.  Now,  as  no  mild  or  genial  climate  had  B\i]^Qt\^\i!b^YCk 
Vol,  X. — no,  cTi.  \*i 
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Britain  since  tbe  dose  of  the  Glacial  epocb,  it  was  dear  that  the 
hippopotami  and  elephants  and  other  southern  mammalia  associated 
with  palsdolithic  implements  oonld  not  belong  to  Postglaoial  times : 
they  must  be  either  of  Interglacial  or  Preglacial  age.     This  con- 
clusion received  very  strong  support  from  the  peoaliar  manner  in 
which  the  implement-bearing  gravels  were  distributed.    These  were 
ooufined  solely  to  the  south  of  England.    None  occurred  in  the  north 
of  England,  in  Scotland,  in  Ireland,  in  Scandinavia,  or  in  Switser- 
land.    In  Scotland  and  in  Switzerland  we  did  get  remains  of  the 
animals  which  were  contemporaneous  with  the  men  of  the  old  stone 
period,  but  these  remains  were  all  of  Interglacial  age.     The  same 
was  the  case  in  North  America.     If  we  took  a  map  of  the  northern 
hemisphere,  and  coloured  upon  it  all  the  ground  covered  with  the 
deposits  that  were  laid  down  during  the  last  cold  period  of  the 
Glacial  epoch,  we  should  find  that  none  of  the  old  pachyderms 
(hippopotami,  elephants,  etc.)  and  no  flint  implements  were  ever 
met  with  at  the  surface  within  that  area.     We  should,  indeed,  get 
the  old  mammalia,  but  only  in  Preglacial  and  Interglacial  depositk 
But  immediately  beyond  the  limits  of  the  coloured  area  we  should 
observe  that  in  Europe  all  the  valleys  (as  in  the  south  of  England 
and  in  France)  were  more  or  less  filled  with  vast  deposits  of  river 
gravels,  which  contain  abundant  remains  of  the  old  pachyderms, 
and  immense  numbers  of  flint  instruments.    And  it  was  well  known 
that  in  America  the  great  bone  deposits,  so  abundant  in  the  Missis^ 
sippi  valley  and  elsewhere,  ceased  to  appear  whenever  the  limita 
of  the  northern   drift   were  approached   from  the   south.     These 
facts,  he  thought,  could  only  be  explained  in  one  way — namely,  by 
admitting  that  palaeolithic  man  and  his  congeners  belonged  to  inter* 
glacial  times  and  in  all  probability  to  Preglacial  times  also.    The 
absence  of  palaeolithic  deposits  from  the  regions  referred  to  was  thus 
explained  in  a   simple  and  reasonable  way.     The  great  confluent 
glaciers   had  ploughed   out  these  deposits,  and  what  portion  the 
glaciers  had  spared  had  been  subsequently  covered  up  by  marine 
accumulations  during  the  last  great  submergence.      But  in  those 
regions  wliich  the  glaciers  had  not  reached,  and  which  were  never 
submerged,  the  palaeolithic  gravels  still  existed  in  great  force.     Mr. 
Geikio  then  gave  some  account  of  Mr.  Croll's  theory,  which  explains 
the  cause  of  great  cosmical  changes  of  climate,  and  showed  how 
admirably  Mr.  Croirs  conclusions  tallied  with  the  general  results 
obtained  from  a  study  of  the  glacial  deposits.     The  date  given  by 
Mr.  Croll  for  the  beginning  of  the  glacial  epoch  was  about  240,0(.K) 
years  ago ;  and  this  epoch,  with  all  its  alternations  of  cold  and  warm 
periods,  lasted  for  about  1,600  centuries.     Many  most  competent 
judges  inclined  to  believe  that  man  was  of  Preglacial  age,  which 
would  give  him  an  antiquity  in  Britain  of  more  than  200,000  years. 
It  was  certain,  at  all  events,  that  the  animals  with  which  palaeolithic 
man  was  associated  did  live  in  Preglacial  and  during  Interglacial 
times.     This,  of  course,  did  not  prove  that  man  was  of  preglacial 
age ;  but  since  his  implements  were  found  at  the  very  bottom  of  our 
cave  deposits  and  old  river  gravels,  it  was  highly  probable  that  ho 
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ered  onr  oonnirj  as  early  at  least  as  the  elephant  and  hippopota- 
8 ;  and  the  southern  mammalia,  as  he  had  shown,  oocdd  not  have 
ed  in  Britain  in  Postglacial  times.  Seeing,  therefore^  that  man 
B  andoahtedly  cont^mponufeeoas  with  these  animals,  we  oonld  not 
1st  the  conolusion  that  he  dated  back  to  interglacial  ages.  It 
Id  not,  indeed,  be  demonstrated  that  he  occupied  our  oaves  during 

earlier  warm  periods  of  the  glacial  epoch,  but  the  evidence  was 
isive  as  to  his  presence  in  Britain  during  the  last  mild  Interglacial 
I.  And  such  being  the  case,  he  must  have  been  the  witness  of 
oral  grand  geological  revolutions.  During  the  last  interglacial 
iod  he  entered  Britain  at  a  time  when  our  country  was  joined  to 
rope;  at  a  time  when  our  winters  were  stiU  severe  enough  to 
3ze  over  the  rivers  in  the  south  of  England ;  at  a  time  when 
ciers  nestled  in  our  mountain  valleys.  He  lived  here  long  enough 
vitness  a  complete  change  of  climate— to  see  the  arctic  mammalia 
lish  from  England  and  the  hippopotamus  and  its  congeners  take 
ir  place.  At  a  later  date,  and  while  a  mild  climate  still  continued, 
beheld  the  sea  slowly  gain  upon  the  land,  until,  little  by  little, 

whole  country  was  submerged  as  far  south  as  the  valley  of  the 
ames — a  submergence  which  reached  in  Wales  and  Scotland  to 
•  extent  of  2,000  feet  or  thereby.  At  the  same  time  a  great  de- 
(ssion  drowned  all  the  low  grounds  of  Northern  Europe.  When 
B  depression  had  reached  or  nearly  reached  a  climax,  the  last 
icial  period  began.  Intense  arctic  cold  converted  the  few  islets 
ich  then  represented  Britain  into  a  frozen  archipelago.  From  the 
-foot  that  clogged  the  shores  fleets  of  rafts  set  sail,  and  as  they 
imeyed  on  dropt  angular  blocks  over  the  bottom  of  the  sea.  And 
tere  was  palaeolithic  man  at  this  time  ?  Perhaps  in  the  south  of 
rope,  but  surely  not  in  England.  Mr.  Geikie  then  described  the 
er  changes,  and  showed  how  upon  the  re-elevation  of  the  land 
itain  was  again  joined  to  the  continent.  It  was  during  this  last 
itineutal  condition  of  our  island  that  neolithic  man  and  the 
imals  with  which  be  was  associated  made  their  appearance.  Pa- 
^lithic  man  and  the  southern  mammalia  had,  as  far  as  Britain  was 
seemed,  vanished  for  ever.     This  was  the  explanation  he  gave 

the  great  break  that  separated  the  new  stone  age  from  the  old 
>ne  age.  The  one  age  was  marked  oflf  from  the  other  by  a  vast 
jse  of  time — by  a  time  suflBcient  for  the  submergence  and  re- 
jvation  of  a  large  part  of  Northern  Europe,  and  a  great  change  of 
mate. — Liverpool  Daily  Albion^  February  Ist,  1873. 


III. — Short  Notices. 
1. — Academy  op  Natural  Sciences,  Philadelphia. 

At  a  meetinpj  of  the  Academy  of  Natural  Sciences,  Philadelphia, 
rof.  Cope  exhibited  the  cranium  of  the  horned  Proboscidian  of 
^yom  ng  Loxolophodon  cornutuSj  and  made  some  remarks  on  its 
Bnities.  The  short- footed  Ungulates  or  J*robo8cidia  are  represented 
f  two  very  different  families  in  the  Eocene  formations  of  North 
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Amerioa»  the  JSobMUiida  and  BaihmodamiUa.    He  finfc  embnoes 
four  known  genera,  as  follows : — 

1.  Nasal  bones  with  flat  horizontal  bom-oozes  OTerhangingtheir  apex. 
Cervical  vertebrsd  short ;  malar  bone  much  reduced  in  front 

Loxoiophodom,  Cope. 

2.  Nasal  bones  with  small  tuberosities. 

Cervical  vertebrsd  short.  ^otnuileuM,  Cope. 

Cervical  vertebrsd  longer ;  the  malar  bone  reaching  maxillary  fiioe. 

Umtatkerium,  Leidy. 

3.  Nasal  bones  with  produced,  cylindric  horn-cores. 

Cervicals  ?  MegaceraiopMf  Leody. 

Of  the  above  genera  there  are  five  well-determined  species,  vis. : 
L,  comvUus,  Cope ;  E,  preancomis,  Cope ;  U.  robusHtm,  Leidy ;  17. 
lacustre,  Marsh;  and  M.  eoloradoennB,  Leidy.  E.fureatuB^  Cope,  and 
U,  mirabiUy  Marsh,  would,  perhaps,  have  to  be  added. 

There  are  two  genera  of  Baihmodontida,  as  follows : — 

One  posterior  molar  with  two  transverse  crests.  Bathmodom,  Cope. 

Three  posterior  cross-crested  molars.  Metalapki>doi^  Cope. 

Of  this  family  4  species  are  known,  viz.  Baihmodan  radianM,  Cope; 
B.  semtetncftia,  Cope;  B.  hrevipes,  Cope;  Metalophodan armaiu$,  Cope; 

FhiUMphia,  Febnuny  TAth,  1873* 


2. — ^MEMOniS  OF  THE  GEOLOGICAL  SuBVST  OF  LfDIA. 

In  the  Memoirs  of  the  Geological  Survey  of  India,  vol.  viii,  pt  2, 
Mr.  Hughes  has  again  contributed  to  the  literature  on  Uie  Coal- 
fields of  India.  Extending  bis  labours  to  the  West  of  the  Damuda 
Valley,  he  has  mapped  and  reported  upon  two  separate  areas  of  Coal- 
bearing  rocks,  which  have  received  the  official  titles  of  the  Itkhuri, 
and  Daltonganj  Coal-fields.  The  importance  of  the  Itkhuri  basin 
is  Bmall,  and  there  appears  little  chance  of  its  ever  becoming  mors 
than  a  local  source  of  supply  for  the  coarser  necessities  of  engineering 
requirements. 

The  Daltonganj  basin,  on  the  other  hand,  seems  destined— owing 
to  its  proximity  to  the  Son  (Sone)  and  to  the  canal  works  in  connex- 
ion with  that  river — to  occupy  a  much  more  active  sphere  in  the 
economic  history  of  India. 

Politically  this  field — notwithstanding  the  inferior  quality  of  its 
coals— may  in  the  future  be  of  high  value:  for  during  tbe  great 
mutiny  of  1857  it  supplied  some  coal  to  the  steamers  engaged  in 
transporting  our  troops  from  Bengal  to  tbe  more  disturbed  districts  of 
the  North  West  ;and  should  a  like  disaster  again  occur,  its  resouroes 
may  be  once  more  called  into  requisition  for  the  purposes  of  quelling 
insurrection.  Wo  trust  that  these  Memoirs  are  only  the  prelude  to 
some  general  work  on  the  Coal-fields  of  India.  Already  that 
country  has,  through  the  labours  of  Dr.  Oldham  and  his  able  staff 
of  Assistants,  been  rescued  to  some  extent  from  the  obscurity  in 
which  it  was  shrouded  ;  and  we  trust  that  these  separate  contributions 
to  the  Memoirs  of  the  Survey  will  before  long  be  embodieil  in  such 
form  as  best  appeals  to  those  interested  in  the  industrial  welfare  of 
our  Colonies. 
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A  Skstoh   of  the   Gkoloctt  of   Debbyshire;      By  the  Bot*  J 
Mageus  Mbllo,  M.A.y  F.O.S.     8vo.  pp.  40.     (London:  Bemrose 
&  Sons.) 

THIS  little  Memoir,  which  was  originally  read  before  the  members 
of  the  Chesterfield  and  Derbyshire  Institute  of  Engineers,  is 
published  in  a  separate  form,  and  as  such  wUl  be  found  very  useful, 
not  only  to  the  geologist,  but  also  to  those  tourists  who  visit  the 
pioturesqjue  Moimtain  Limestone  dales  which  render  Derbyshire  so 
attractive,  and  who  may  wish  to  inquire  into  their  origin,  and  that  of 
the  different  rocks  they  meet  with  in  their  walks.  The  author  treats 
his  subject  in  an  easy  and  interesting  manner,  and  at  the  same  time 
he  has  brought  together  as  many  of  the  principal  facts  relating  to  it 
as  oonld  be  condensed  into  so  small  a  compass. 

He  treats  briefly  of  the  peat-bogs  so  common^  in  our  moorland 
districts,  which  cover  a  vast  extent  of  the  Millstone-grit  and  Yore- 
dale  formations  of  Derbyshire,  and  which  those  who  wander  up*  the 
Kinderscout  are  likely  to  remember.  The  numerous  springs  which 
issue  from  the  Mountain  Limestone,  and  the  tufa  they  frequently 
deposit ;  the  alluvial  deposits  of  the  Trent  and  Derwent ;  and  the 
glacial  deposits,,  which  occur  chiefly  in  the  southern  part  of  the 
county,  are  also  touched  upon. 

.  The  Eeuper  marls  and  sandstones  occupy  the  larger  part  of  South 
Derbyshire ;  gypsum  occurs  abundantly  in  the  marls,  and  rock-ssdt 
but  sparingly,  as  indicated  by  slightly  brackish  water  at  Branstone; 
though  its  former  presence  is  proved  in  other  places  by  numerous 
pseudomorphous  crystals. 

Beneath  the  Keuper  beds  come  the  Bunter  sandstones  and  Gon^ 
glomerates,  upon  the  middle  member  of  which  the  Eeuper  beds  are 
said  to  rest  uneonformably. 

The  PermflEui  beds  are  then  treated  of;  they  include  the  Magnesian 
Limestone,  which  is  so  largely  quarried  for  liuilding  purposes,  espe- 
cially at  Mansfield,  and  the  marls  and  sandstone  which  underlie  it 
These  lower  beds  contain  fossils  apparently  identical  with  those  of 
the  Coal-measures  species  of  Zepidodendronj  Sigillaria,  and  CalamiteSi 
which  would  seem  to  connect  them  more  closely  to  the  Carboniferous 
period,  although  not  more  conformable  to-  its  strata,  than  to  the 
marine  beds  of  the  Permian. 

Next  we  come  to  the  account  of  the  Coal-measures,  Millstone- 
grit,  Yoredale  Bocks,  and  Mountain  Limestone. 

The  latter  rock  furnishes  some  of  the  most  beautiful  scenery,  and 
is  very  interesting  on  account  of  the  great  intrusive  beds  of  Trap  or 
Toadstone,  which  in  places  are  at  least  200  feet  thick.  The  caverns 
for  which  the  Limestone  district  is  so  noted  are  briefly  alluded  to  by 
Mr.  Mello;  and  in  speaking  of  the  dales,  he  remarks  that  they  ''were, 
probably,  in  many  instances,  originally  caverns,  which  have  been, 
through  countless  ages,  eaten  away  by  the  streams,  till  at  length  the 
roofs  have  fallen  in,  and  in  their  turn  have  been,  for  the  most  i^art^ 
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carried  away  by  the  same  powerful  agent."  Thia  explanation  of 
the  formation  of  certain  valleys  was  given  a  few  yean  ago  by 
Prof.  Phillips,^  and  also  by  Mr.  Boyd  Dawkins,  to  account  for  tks 
origin  of  the  Chedder  C!li£Ds,  in  Somersetshire,  and  is  certainly  more 
plausible  than  that  of  Mr.  Mackintosh,  which  would  give  them  i 
marine  ori^n. 

Mr.  MeUo  gives  a  fist  of  the  minerals  found  in  Derbyshire,  and 
accompanies  his  little  work  with  a  geological  map  and  section! 
reduced  from  the  publications  of  the  G-eological  Survey.  Four  platei 
illustrate  some  of  the  characteristic  fossils  of  the  New  Bed  Sandstone, 
Permian  rocks,  Coal-measures,  and  Mountain  Limestone.     H.  B.  W. 


Gkolooical  Sooiett  of  London. — I.  Annual  Gnnebal  Msbtxno.' — Fcbnurj 

2Ut,  1873.— HiB  Grace  the  Duke  of  Argyll,  K.T.,  F.R.S.,  President  in  the  Ghiir. 
The  Rccretary  read  the  Reports  of  the  Council,  and  of  the  Li^rarj  and  Mueim 
Committee.  The  f^eral  position  of  the  Society  was  described  as  satii&ofeofy,  aad 
Uic  nunil)er  of  Fellows  was  said  to  hare  essentially  increased. 

Ill  priMcntioff  the  Wollaston  Gold  Medal  to  Sir  Philip  de  Malpas  Orey-Egertoa, 
Ilsti.,  K.U.8.,  F.G.S.,  the  President  spoke  as  follows: — 

Hir  IMiilm  Egcrton, — I  consider  myself  forlMinate  in  bein?  the  ornn  of  ths 
(i<tii|o)fiuAl  doci<9ty  in  presenting  yon  with  the  Wollaston  Medal,  wkich  has  beei 
MWiirdud  lo  you  by  the  Counal  for  the  present  year.  The  eminent  aeiTieet  which 
voii  hiiv«)  rendered  to  geology  during  a  period  now  extending  over  forty  yean  )iMJ% 
loM^  l><>en  familiar  to  scientific  men,  and  haye  ^Ten  yon  more  than  a  Enropeaa 
ri'putation.  These  services  have  been  so  great  and  so  uniTersally  recoenixed,  that 
the  only  difficulty  I  now  hffve  is  not  in  afwigning  grounds  for  tiie  ?ote  which  I  hate 
the  pleasure  of  announcing,  but  in  explaming  why  it  has  been  so  long  delayed. 
That  delay  has  been  occasioned,  I  believe,  solely  by  the  fact  that  yon  haye  yonnelf 
been  so  long  an  honoured  meml>cr  of  the  Council  whose  duty  it  is  to  consider  the  . 
claims  of  gcolo^ts  for  the  honours  of  this  Society ;  and  whatever  influence  yon  have 
had  in  that  bo^  has  doubtless  been  exerted  in  favour  of  othen  to  the  esclosion  of 
yourselC  It  is  at  least  some  compensation  for  the  loss  which  the  Cowidl  aoitains  ia 
your  absence  that  it  is  now  able  to  accord  a  recognition  which  has  Ions  beai  dii& 
The  many  papers  which  you  hove  contributed  to  this  Society  from  1833  down  to  the 
present  time  are  a  sufficient  indication  of  the  wide  range  of  your  observatio'ha.  Bat 
the  special  attention  you  have  bestowed  and  the  light  you  have  thrown  on  the  itroo- 
tnre  and  afi&nities  of  fossil  fishes  and  reptiles,  have  been  of  the  highest  Taloe,  and 
have  formed  in  the  a^^gregate  a  most  important  contribution  to  our  knowledge  of  the 
history  of  organic  life.  I  have  the  hij^hest  pleasure  in  now  handimr  to  you  the 
Wollaston  Medal.  ^         r  -—t*       / 

Sir  Philip  Egerton,  in  reply,  said : — 

My  LordfPrMident, — I  luiow  not  whether  it  is  owing  to  the  poverty  of  the  Bnglisk 
language  or  to  my  imskilfulness  in  the  use  of  it,  but  I  am  quite  at  a  loss  for  words 
adequate  to  express  my  appreciation  of  the  great  and  unexpected  honour  conferred 
upon  me  by  the  award  of  the  Wollaston  Medal,  and  for  appropriate  terms  to  convey 
to  your  Grace  my  acknowledgments  for  the  kind,  but  too  nattering  terms  you  have 
ved  in  communicatiDg  the  decision  of  the  Council ;  and  my  embarrassment  is  in- 
creased by  the  consciousness  that,  in  comparison  with  those  illustnous  naxnet  which 
already  adorn  the  Wollaston  roll,  I  am  quite  unworthy  of  this  great  distinction.  I 
eannot  presume  to  think  that  the  humble  contributions  I  have  been  enabled  to  make 
to  geolo^cal  knowledge  (and  indeed  to  but  a  limited  branch  of  it)  can  have  been 
weighed  m  the  balance  against  the  labours  of  many  others  on  both  sides  of  the  Atlantio* 
whose  lives  have  been  devoted  to  geoloncal  research,  but  who  have  not  yet  attanied 
Ae  distinction  awarded  to  me  to-day.    In  comparison  with  these  my  claims  ire  quit* 


»  See  Oeol.  Mao.  1864,  Vol.  I.,  p.  229. 
'  A  brief  notice  of  this  mcetinir  apDeared  i 


meeting  appeared  in  the  March  Number,  p.  132. 
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mrigBlfieant  I  must  therefore  look  elsewhere  to  diioem  the  motiTe  which  haa 
iBflmeiieed  the  Ooaneil  in  lelecting  my  name  on  the  pretent  occasion  in  preferenoe  to 
Miieiv  whose  seientifie  daims  are  fkr  greater  than  my  own,  and  I  think  1  am  right  in 
aariffning  it  to  a  desire  on  their  part  to  recognise,  encourage,  and  occasionally  reward 
tihe  utbonni  of  those  who,  although  their  lot  in  life  has  heen  cast  in  a  sphere  entailing 
many  pmmount  duties  which  ought  not  to  be  neglected,  neTcrtheless  dcTote  their 
leiffitre  time  to  the  promotion  of  scientific  research  rather  than  waste  it  in  friroloos 
iod  nnproductiTe  amusements.  In  this  sense  1  interpret  the  mind  of  the  Council  in 
iwaiding  me  this  Medal,  and  in  this  sense,  as  also  as  a  stimulus  and  incentiTe  to 
peraerere  in  the  cause  of  that  science  in  which  I  take  so  deep  an  interest,  and  from 
the  study  of  which  I  have  derired  so  much  intellectual  enjoyment,  I  can,  without 
monace,  most  gratefully  accept  it.  May  I  be  permitted  to  add,  that  if  anything 
eonld  eahiaace  the  feelings  of  gratification  I  experience  in  receiring  this,  the  blm 
rikkom  of  geolc^.  it  is  that  it  is  presented  b^  a  President  who,  although  occupting 
die  kigbest  aocuil  rank,  and  called  by  our  gracious  Sovereign  to  fill  the  highest  oAcn 
of  State,  entailing  most  onerous  duties  and  grave  responsibilities,  has  nevertheless 
devoted  himself  to  the  study  of  scientific  problems,  and  has  inscribed  for  himself  a 
aaBM  on  the  tablets  of  seientiflc  literature,  indelible  so  long  as  the  Reign  of  Law  shall 
continue  to  exist. 

The  President  then  presented  the  balance  of  the  proceeds  of  the  WoUaston  Dona- 
tioB-Fmd  to  J.  W.  Judd,  Esq.,  F.6.S.,  and  addressed  him  as  follows  :— 

Mr.  Judd, — I  have  much  pleasure  in  delivering  to  you  the  award  of  the  Oouncil  of 
this  SoeieW  in  recognition  or  your  valuable  researches  in  the  Neocomian  and  Jurassic 
roeka  of  Emgland,  researches  which  you  are  now  extending  with  such  marked  success 
to  tke  Secondary  and  Palasoxoic  rocks  of  Scotland.  I  rejoice  to  know  that  you  are  to 
mnj  to  an  i«vesti|pition  of  the  West  coast  of  Scotland  tne  experience  and  knowledge 
TM  have  shown  m  your  recent  aoooumt  of  the  Secondary  rocks  of  the  East  coast 
Tho  acattered  and  broken  remains  of  the  Oolites  in  the  Hebrides  constitute  a  most 
iateresting  field  of  investigation ;  and  a  detailed  examination  of  them  conducted  by 
]mi  eamot  fail  to  cast  important  light  on  many  geological  problems  of  the  highest 
mtoreat  to  our  science. 

Mr.  Judd  made  the  following  reply : — 

Mj  Lord  President, — ^The  recollection  of  an  occasion  like  the  present  may  well  be 
dienshed  bv  a  student  of  science  as  an  incentive  to  exertion  second  only  to  the  en- 
Ihuaiasni  or  research  itself.  Having  learned  to  look  to  this  Society,  and  never  in 
vain,  for  the  encouragement  of  sympathy  and  the  guidance  of  criticism,  it  is  with 
especial  gratification  that  I  receive  this  mark  of  confidence  at  the  hands  of  my  teachers 
and  fellow-workers.  When  I  think  of  the  origin  and  traditions  of  this  bequest — the 
djoets  eontemplated  by  its  illustrious  founder,  the  distinguished  geologists  who  have 
beien  its  former  recipients,  and  the  important  researches  to  which  it  has  been  made 
contributory — I  am  deeply  impressed  by  the  trust  which  you  have  reposed  in  me.  It 
is  ny  hope  that  by  earnest  labour  I  may  be  able  to  testify  that  my  feelings  of  grata- 
tnde  are  not  evanescent,  nor  my  sense  of  responsibility  light,  in  connexion  with  the 
great  honour  which  you  have  this  day  done  me. 

The  President  then  presented  the  Murchison  Medal  to  Mr.  William  Davies,  of  the 
Britiih  Museum,  and  addressed  him  as  follows : — 

Mr.  Davies, — I  have  much  pleasure  in  delivering  to  you  the  Murchison  Medal, 
which  has  been  awarded  to  you  by  the  Council  of  this  Society  in  recognition  of  the 
services  you  have  rendered  to  Palaeontology  in  the  arrangement  of  the  vertebrate 
eoUeetions  in  the  Geological  Department  of  tiie  British  Museum,  so  as  to  render  them 
available  for  the  purpose  of  scientific  study,  in  the  skill  and  knowledge  you  have 
di^layed  in  the  reconstruction  of  extinct  forms  of  life.  1  have  the  more  pleasure  in 
rivmg  this  Medal,  as  I  believe  you  will  have  the  greater  pleasure  in  receiving  it, 
nrom  the  fact  that  it  is  the  first  award  made  under  and  in  fulfilment  of  the  will  of 
the  gmt  geologist  and  excellent  man  whose  loss  we  have  all  bad  so  lately  to  deplore. 
I  trust  it  may  long  serve  to  stimulate  others  to  such  services  as  you  have  renaercd, 
and  which  have  appeared  to  the  Council  of  this  Society  to  make  you  a  worthy  reci- 
pient of  the  First  Murchison  Medal. 

Mr.  Davies,  in  reply,  said : — 

My  Lord  Duke, — I  desire  to  return  my  most  sincere  thanks  to  your  Grace  as  Presi- 
dent, and  to  the  Council  of  this  Society,  for  the  honour  they  have  conferred  upon  me 
in  awarding  me  the  Murchison  Medal.  It  is  extremely  gratifying  to  &id  tnat  the 
hnmble  services  I  have  rendered  to  Palajontological  science  have  been  so  kindly 
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appreciated  and  deemed  worthy  of  tliu  high  reooffnition.  The  pleamire  if  RKttly 
enbanced  by  the  ftict  that  I  have  never  considered  my  identifio  work  of  ramcient 
importance  to  deserve  any  recognition — the  acquisition  of  scientific  knowledge  sud 
the  happiness  of  communicating  it  to  others  having,  in  my  own  case,  been  its  own 
rewara.  I  shall  now  feel  it  to  be  my  duty  as  well  as  my  ambition  to  render  myself 
more  worthy  of  the  distinction  you  have  this  day  conferred  upon  me— one  which  has 
also  an  especial  significance  to  a  servant  of  that  great  National  Institntion  fat  which 
Sir  Rodenck  Murchison  so  long  and  beneficially  acted  as  a  Trustee. 

The  President  then  delivers  to  Prof.  Ansted,  F.R.8.,  For.  Sec,  for  innsmission 
to  Prof.  Oswald  Heer,  of  Zurich,  the  balance  of  tiie  Murchison  Fond,  and  spoke  as 
follows : — 

Mr.  Secretary, — The  labours  of  Prof.  Heer  in  Fossil  Botany  and  Entomology  have 
this  year  been  recognized  by  this  Council  in  the  vote  of  the  Murchison  FuimL  No 
branch  of  Palaeontology  requires  more  minute  research,  mere  cuTeM  comparison, 
more  circumspect  conclusions, — and  there  are  none,  I  may  add,  which,  when  so  eon- 
ducted,  are  richer  in  suggestions  on  the  history  of  ^logical  change.  The  frag- 
mentary character  which  generally  belongs  to  terrestnal  and  especiaUy  to  botaniMl 
remains,  places  the  study  of  them  under  special  difficulties,  difficulties  whidi  have 
been  met  with  special  skill  by  Prof.  Heer.  The  remains  of  the  Miocene  flora  are 
connected  with  some  of  the  most  perplexing  problems  of  our  science,  and  the  li^t 
which  has  been  thrown  upon  them  oy  Prof.  Heer  more  than  deserves  the  reeognition 
which  I  have  now  the  pleasure  of  delivering  into  your  hands  for  transmission  to  that 
distinguished  man.  Tnis  is  the  second  mark  of  reco^ition  which  this  Society  has 
given  to  Prof.  Heer,  the  Wollaston  Donation  Fund  having  been  voted  to  him  in  1862. 

Prof.  Ansted  having  suggested  that  Sir  Charles  LycSl,  as  a  partienlar  firiend  of 
Prof.  Heer's.  might  very  appropriately  speak  in  his  nsme.  Sir  Charles  LyelU  in  reply, 
referred  briefly  to  tbe  nature  of  Prof.  Heer*s  work,  and  said  he  was  sure  that  gentle- 
man would  appreciate  highly  this  renewed  eipression  of  the  interest  taken  07  the 
Geological  Society  in  his  pursuits.  Sir  Charles  Lyell  remarked,  Airther,  that  he  was 
particularly  gratified  that  this  award  had  been  made  at  the  present  time,  as  Praf. 
Heer  was  well  advanced  in  years  and  in  an  exceedingly  infirm  state  of  health,  so  that 
perhapi  another  opportunity  of  showing  him  respect  and  sympathy  might  not  oocnr. 

The  President  then  proceeded  to  read  his  Anniversary  Addn-ss,  in  which  he  dis- 
cussed the  phenomena  of  denudation,  referring  especially  to  the  infiuence  of  snb- 
terranean  and  other  movements  of  the  crust  of  the  earth  upon  the  denudation  of  its 
surface,  and  disputing  the  greatness  of  the  denuding  effects  of  glacial  action.  The 
Address  was  prefaced  by  biographical  notices  of  deceased  Follows,  including  Prof. 
Sedgwick,  Dr.  Eelaart,  Mr.  Augustus  Smith,  Mr.  N.  Beardmore,  and  Prof.  Pictet. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  dnlj 
elected  for  the  ensuing  ye&T: —President :  The  Duke  of  Argyll,  K.T.,  D.C.L..  F.B.8. 
Vice-Presidents:  Prof.  P.  Martin  Duncan,  M.B..  F.B.S  ;  R.  A.  C.  (xodwin-Aostai. 
Esq.,  F.R.S. ;  Joseph  Prestwich,  Esq.,  F.R.S. ;  Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S, 
Secretaries :  John  Evans,  Esq.,  F.R.S. ;  David  Forbes,  Esq.,  F.R.S.  Foreign  Sea^ 
tary :  Warington  W.  Smj-tn,  Esq.,  M.A.,  F.R.S.  Treasurer:  J.  Gwyn  Jeffreya, 
Esq.,  F.R.S.  Council:  Prof.  D.  T.  Ansted,  M.A.,  F.R.S.;  The  Duke  of  Argyll, 
K.T.,  D.C.L.,  F.R.S. ;  William  Carruthers,  Esq.,  F.R.S. ;  Prof.  P.  Martin  Duncan, 
M.B.,  F.R.S.;  Sir  P.  de  M.  G.  Egerton,  Bart.,  M.P.,  F.R.S.;  R.  Etheridge.  Esq., 
F.R.S. ;  John  Evans,  Esq.,  F.R.S.,  F.S.A.;  J.  Wickham  Flower,  Esq.;  David  Forbes, 
Esq.,  F.R.S. ;  Capt  Douglas  Galton,  C.B.,  F.R.S.;  K.  A.  C.  Godwin-Austen,  En , 
F.R.S.;  J.  Whitaker  ifulke,  Esq.,  F.R.S.;  J.  Gwyn  Jeffreys,  Esq,  F.R.8.;  Kr 
Charles  Lvell,  Bart.,  D.C.L.,  F.R.S. ;  C.  J.  A.  Meyer,  Esq. ;  J.  Carrick  Moore,  Esq., 
M.A  ,  F.R.S. ;  Joseph  Prestwich,  P>q.,  F.R.S. ;  Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S. ; 
R.  H.  Scott,  Esq.,  MA.,  F.R.S.;  Warineton  VT.  Smyth,  Esq.,  M.A.,  F.R.8.;  Prof. 
J.  Tennant.  F.C.S. ;  W.  Whitaker,  F^.,  B.A. ;  Rev.  T.  Wiltshire,  M.A.,  F.L.S. 

II.— February  26th,  1873.— Prof.  Ramsay,  F.R.S.,  Vice-President,  in  the  Chair. 
— The  following  communications  were  read: — 1.  "On  the  Jurassic  Bocks  of  Syke 
and  Raasay."     By  James  Bryce,  M.A.,  LL.D.,  F.G.S. 

In  this  paper  the  author  described  numerous  sections  of  Jurassic  rooks  exposed 
chiefly  in  tne  sea-cliffs  of  Skyc  and  Raasa,  indicating  the  presence  in  those  islands 
of  a  complete  series  of  beds  ascending  from  the  Lower  Lias  to  the  middle  of  th» 
Middle  Oolite.  He  noticed  the  occurrence  in  these  sections  of  fossils  belonging  to  the 
zones  of  Ammonites  angulatus  and  A,  Bueklandi  in  the  Lower  Lias,  to  the  tones  of 
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A.  Jame9oni^^  A,  Mpneomis^  A.  margaritatuM,  and  Jt.  tpinatut  in  the  Middle  lias,, 
of  Upper  Lias  fowils,  inclodlng  Ammonites  communis^  falciftr^  heterophyllusy  and 
bifroMSj  and  of  others  indicaiinir  beds  beloneiog  to  the  luerior  Oolite  and  Cornbrashy 
and  to  the  Oxford  Clay.  The  Loch  Staffin  be&  were  described  as  an  estuarine  series, 
nearlj  approaching  the  Oxford  Clay  in  geological  age,  and  including  a  bed  almost 
entirely  made  w^  of  the  shells  of  Oatrea  hebridiea. 

The  whole  series  of  Jurassic  rocks  in  these  islands  reposes  on  the  Torridon  sandstone 
of  Cambrian  age;  and  the  author  discussed  tiie  question  whether  or  not  the  intervening 
beds  have  ever  existed  in  this  localitv,  and  came  to  the  conclusion  that  they  probably 
existed,  and  have  been  swept  away  oy  denudation.  He  remarked  further  upon  the 
resemb^nce  in  lithological  characters  of  the  beds  described  with  the  corresponding 
deposits  elsewhere  in  Britain. '  The  trap-rocks  intruded  between  the  Jurassic  deposits 
he  r^arded  as  of  post-Oolitic  date.  The  paper  was  accompanied  by  lists  of  iossils 
and  descriptions  of  some  new  speeiea  prepared  by  Mr.  Ralph  Tate. 

Discussion.— Mr.  Judd  pointed  out  tnat,  contrary  to  the  views  of  that  school  of 
geologists  of  whom  Dr.  Macculloch  was  the  leader,  and  which  regarded  the  geologi- 
cal investigation  of  Scotland  as  almost  completed,  that  work  was  only  now  being 
commenced  by  the  application  of  those  principles  of  Palsaontological  geology  which 
had  been  developed  in  England,  and  especially  fostered  by  the  Geoloncal  Society. 
He  congratulated  Dr.  Bryce  on  having  secured  the  aid  of  so  experienced  a  palseonto- 
logist  as  Mr.  Tate,  and  boie  witness  to  the  fidelity  with  which  his  sections,  especially 
those  of  the  island  of  Skye,  were  described.  Me  also  pointed  out  the  importance  of 
this  communication  as  completing  the  history  of  a  series  of  sections  first  so  well 
sketched  by  Murchison,  and  in  parts  described  in  detail  by  Geikie,  Wright,  and 
Edward  Forbas. 

2.  '*  Observations  on  the  more  remarkable  Boulders  of  the  North-West  of  England 
and  the  Welsh  Borders,"     By  D.  Mackintosh,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  situation  and  indicated  the  probable  origin 
of  many  of  the  more  striking  known  boulders  in  Westmoreland,  Cumberland,  Lanca- 
shire, Cheshire,  and  on  the  borders  of  Wales.  The  northern  boulders  seem  to  have 
originated  chiefiy  from  Wastdale  Crag,  Criffel,  Ennerdale,  and  Eskdale;  those  of 
Cheshire  chieflv  from  the  Lake  District  and  South  of  Scotland ;  and  many  of  those 
on  the  Welsh  oorders  from  the  mountains  of  Wales.  Many  of  the  boulders  noticed 
by  the  author  exhibit  glacial  strias.  The  author  also  especially  referred  to  the  occur- 
rence of  boulders  at  hif^h  levels. 

D18CUS8IOX. — Mr.  Tiddeman  pointed  out  that  the  course  of  a  boulder  from  its 
original  source  to  the  spot  where  it  was  deposited  was  probably  not  always  in  a 
straight  line ;  but  the  carrying  agents  were  probably  diverted  by  currents  connected 
with  the  conformation  of  the  sea-bottom  of  the  period.  In  some  cases  also  boulders 
may  have  had  their  position  changed  by  subsequent  river-action,  and  also  by  other 
means. 

Mr.  Hicks  called  attention  to  some  of  the  boulders  to  be  seen  in  the  south  of 
Wales,  which  have  been  striated  by  the  action  of  the  plough  and  the  harrow,  as  well 
as  by  ice,  the  marks  of  which  bad  been  almost  entirely  obliterated  by  human  aeency. 

Mr.  Koch  mentioned  that  in  the  late  floods  in  Bohemia  blocks  as  large  as  6  feet  x  4 
feet  had  been  transported  by  the  rivers,  and  their  surface  had  been  striated  during  the 
process  in  a  manner  much  like  that  produced  by  ice. 

The  Chairman  pointed  out  that  in  some  instances  the  transported  blocks  had 
Unveiled  over  country  higher  than  the  parent  beds  from  which  they  had  been  derived, 
and  considered  that  they  afforded  some  support  to  the  theory  of  a  great  and  general 
ic8-Goating,  which  was  immediately  succceoed  by  a  period  of  great  depression  below 
the  sea-level,  and  a  subsequent  emergence,  the  whole  comprised  within  one  great 
glacial  period.  During  these  oscillations  there  must  of  necessity  have  been  a  series 
of  dispersions  of  boulders. 

Gbolooists*  Association.  —  March  7th. — Henry  Woodward,  Esq.,  F.G.S., 
F.Z.S.,  President,  in  the  Chair.— '*  On  the  Geology  of  Brighton."  By  James 
Howell,  Esq. 

The  paper  commenced  with  a  sketch  of  the  South  Downs,  their  longitudinal  valleys, 
latitudinal  coombs,  and  the  gaps  leading  down  the  cliffs  which  extend  from  East- 
bourne to  Brighton.  The  author  enumerated  those  interesting  outliers  of  the  Plastic 
Clay  lying  between  Seaford  Heights  and  Felpham,  the  connecting  links  with  the 
Bognor  Mds,  showing  that  the  Eocenes  were  once  continuous  along  the  southern 
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portion  of  tlie  Downs  to  tbe  height  of  600  fbet,  that  is  if  the  pehhUt  foand  on  the 
crest  of  Ciabnry  are  what  they  appear  to  be,  of  Tertianr  origin.  He  considered  there 
was  no  evideQce  from  snrface  inaications  that  the  nortnem  portion  of  the  Downs  has 
ever  been  submerged  since  its  uphearaL  Historical  docnments,  sabmei^^  forests 
along  the  wlK>le  coast-line,  and  the  shallowness  of  the  sea-bottom  aiford  eTidence  that 
tbe  sea  has  greatly  encroached  npon  the  land  at  this  part  of  the  coast  The  site  of 
Old  Brighton  was  stated  to  be  seaward  between  Bast  and  West  Street*,  and  not,  as 
Lyell  states,  where  the  Chain  Pier  now  stands.  The  coast-line  at  the  period  when 
the  Brighton  valley  was  an  estnary  of  the  sea  and  a  river  was  very  different  from 
what  it  is  now.  The  '*  Level "  was  then  covered  with  water,  and  waves  dashed  up 
beyond  the  site  of  St  Peter's  Church,  as  proved  by  pebbles  like  those  on  the  present 
beach  bein^  there  found  in  sewer  excavations.  ^ 

The  geological  formations  at  Brighton  were  Wted  to  be  six,  viz.  Silt  in  the  valley. 
Brick-earth  of  Hove,  the  Elephant-bed,  Temple  Field  deposit.  Plastic  Clav  of  Futn 
Hill,  and  the  Upper  Chalk,  xhe  present  paper  embraced  the  author's  observatioiis 
of  the  first  three.  In  the  lower  portion  of  the  Silt  and  the  Coombe-rock  beneath  it 
are  imbedded  immense  numbers  of  water-rolled  sandstones  similar  to  the  Sarwa 
stones  distributed  over  the  surface  of  the  Downs,  but  whether  of  W^lden  or  Tertiarv 
origin  is  unknown.  The  Brick -earth  is  a  later  formation  than  the  £le^hant-bed^ 
upon  which  it  everywhere  rests;  though  the  organic  remains  found  in  it  are  the 
same,  viz.  remains  of  the  elephant,  horse,  red-deer,  whale,  and  sheUs  of  an  arctic 
typo.  If,  as  Mr.  Godwin- Austen  tells  us.  Brick-earth  is  the  "wash  of  a  terrestrial 
surface,*'  how  are  we  to  account  for  the  marine  remains  imbedded  in  itP  The  pebbles 
of  Paleozoic  rocks  found  in  the  old  sea-beach  underlying  the  Elephant-bed  were 
stated  to  have  oome  from  France,  when  that  country  was  united  to  this  island,  having 
travelled  a  beach  once  extending  from  Brighton  to  Ualvados.  This  was  supported  l^ 
the  observation  of  the  author  of  how  pebbles  travel  along  coasts  assistea  by 


weed,  whose  roots  are  attached  to  them.  In  concluding  his  paper,  Hr.  Howell 
opposed  the  opinion  formed  by  the  Geolo^cal  Section  of  the  British  Association 
during  their  visit  to  the  Kemp  Town  section  of  the  Elephant-bed,  that  this  re- 
markable deposit  was  due  to  ice  action,  and  considered  the  opinions  of  Webster, 
Man  tell,  and  Lyell,  corroborated  by  the  fact  that  the  materials  composii^  the  bed 
are  all  water-worn. 


ooi&i&Es;poisr3DE3sroE- 


THE  OLDEST  KNOWN  BRITISH  TRIGONIA. 

Sir, — The  claim  of  T,  Lingonentis  to  this  title  does  not  rest  on  the 
York  specimen,  but  on  several  that  have  been  found  and  recognized 
in  situ.  This  is  all  the  public  can  care  to  know ;  but  as  I  identified 
tlie  specimen  in  our  Museum,  you  may  allow  me'  to  add  that  it  is 
not  **  an  undoubted  Infetior  Oolite  fossil."  The  Dogger  of  the  Peak 
is  very  similar  to  the  Eston  Ironstone.,  in  hand  specimens ;  but  any 
one  familiar  with  both  could  easily  distinguish  them.  Mr.  Leokenby 
is  probably  not  familiar  with  the  latter — as  there  are  few,  if  any, 
fossils  from  it  in  his  magnificent  Lias  collection — unless  be  has 
them  labelled  from  the  Inferior  Oolite.  One  is  reminded  of  a  remark 
long  ago  made  by  Williamson,  that  Yorkshire  geology  has  suffered 
from  the  fossils  being  collected  miscellaneously,  and  their  horizon 
judged  of  by  their  matrix.  J.  F.  Blakb. 

CuFTOM,  York,  March  6M,  1878. 
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DISCOYERY  OP  PKEHI8T0RIC  REMAINS  IN  INDIA. 

(Eztraet  of  letter  from  B.  Bbxtcb  Foots,  £sq^  F.6.S.,  of  the  Geological  Sorvej 
of  India.) 

"  You  will  be  interested  to  hear  of  a  prehistoric  discovery  lately 
made  by  a  friend  of  mine  (a  Mr.  Fraser,  a  civil  engineer  in  Govern- 
ment employ)  near  Bellary,  namely,  of  large  nnmbers  of  celts, 
rubbing-stones,  and  pounders,  under  such  circumstances  as  to  leave 
no  doubt  that  the  hills  in  which  they  occur  were  occupied  by  the 
manufacturers,  who  have  left  numerous  very  considerable  kitohen- 
middens  behind  them,  resting  on  rude  terraces  constructed  among 
the  immense  tors  and  blocks  of  granite  gneiss  of  which  the  hills 
consist. 

Their  surface-inspection  yielded  large  numbers  of  the  implemento 
and  flakes  innumerable;  the  middens  themselves  ought  therefore. to 
be  extremely  good  hunting-gi'ound  when  they  come  to  be  carefully 
excavated,  as  I  trust  they  will  before  very  long. 

The  celts  are  in  all  stages,  from  the  rudest  and  most  palaeolithic 
chipped  implement  to  the  completely  polished  type.  The  majority 
are,  I  think,  only  polished  in  part,  at  the  edge.  Nearly  all  are 
made  of  Greenstone,  which  does  not  occur  within  several  miles  of 
one  locality  discovered  by  Mr.  Fraser,  but  a  large  dyke  of  which 
traverses  the  other. 

Of  the  rubbing-stones  most  are  made  of  granitic  rock,  many  of  a 
variety  totally  different  from  that  forming  the  hill-range. 

The  round  pounding-stones  are  mostly  made  of  Greenstone. 

I  had  the  good  luck  to  discover  a  third  settlement  a  few  days  after 
Mr.  Fraser  had  shown  me  the  two  localities  he  had  found.  Mine  is 
some  15  or  16  miles  west  of  Bellary.  It  is  a  large  oonical  mound, 
consisting  chiefly  of  soft  yellowish  slag,  in  layers,  int^rstratified 
with  the  midden-stuff,  as  shown  by  many  little  rain -sections.  By-the- 
bye  it  has  been  described  somewhere  already  as  a  volcanic  ash-cone  ! 

Being  on  the  march,  and  the  place  a  very  long  way  from  my  next 
stage,  I  could  only  devote  a  very  brief  space  of  time  to  it,  but,  in  a 
few  minutes,  I  had  obtained  a  polished  celt,  some  pounders,  and 
rubbing-stones,  not  to  mention  flakes.  One  pounder  is  made  of  very 
hard  rich  red  haematite.  The  celt  is  of  Greenstone;  it  has  been 
burnt  The  settlement  was  very  likely  burned  down  at  several 
intervals — an  occurrence  not  rare  at  the  present  day  in  poor  villages, 
where  the  hute  are  very  largely  built  of  the  coarse  stiff  straw  of 
the  Holcus  Sorghum," 

We  hope  to  hear  further  particulars  of  this  very  interesting  dis- 
covery frcrm  Mr.  Bruce  Foote. — Edit.  Geol.  Mag. 

THE  CYCLAS  CLAY  OF  WEST  LANCASHIRE, 
SiK, — In  your  last  Number,  Mr.  T.  M.  Reade  denies  the  existence 
of  a  fresh-water  clay  underlying  the  peat  of  the  West  Lancashire 
lowland  plain,  and  seems  to  be  under  the  impression  that  I  never 
recognized  the  existence  of  a  Lower  Scrobicularia  Clay,  occupying  a 
similar  position,  until  the  appearance  of  his  papers,  and  appears  to 
suggest  that  I  should  adopt  his  names  of  "  Washed- Dt\^\,  ^^\A"  «si\ 
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«  Formby  and  Leasowe  MariDe-beds"  for  the  deposits  below  the  peat, 
which  it  is  impossible  for  me  to  do — firstly,  beoaose  he  includes  the 
Middle  Glacial  Sand  and  Shingle  with  the  Postglacial  Shirdley 
Hill  Marine  Sand,  which  I  found  to  rest  on  thin  seams  of  peat; 
secondly,  because  I  consider  his  Marine-beds  to  be  estuarine.and 
lacustrine ;  and  thirdly,  because  the  names  I  proposed  in  1869  for 
these  beds  have  the  priority  of  age,  his  paper  appearing  in  1872. 

In  my  paper  on  the  Post-glacial  Deposits  of  Western  Lancashire 
and  Cheshire  (Quart  Joum.  Geol.  Soc.,  1870),  in  the  Explanation  of 
the  Geological  Survey  Map  90  S.B.,  in  1870,^  in  that  of  90  N.E., 
1872,  and  in  the  Explanation  of  the  G^ologicsd  Survey  Horizontal 
Section,  Sheet  63, 1  have  described  the  following  sequence  of  Drifts : 

r  /  Blowing  Sand,  Blown  Sand  (Land-coifiuse). 

F^t'Tertiary,^^  \  Upper  '•  Scrobicularia  Clay '»— Tidal  AlluTial  Estaa- 

'  Upper  Peat,  often  20  to  30  ft.  in  thickneaa  (L«id- 

[sorfiMe). 


Pre-lustoric  <  Lower  Cyclaa  Clay  (Lacustrine).  )       [sax 

t  (Lower**  Scrobicularia  Clay"  (tidal),  j 

fpn^  «u«ui  i  Shirdley  Hill  Sand,  Presall  Shingle  (Maziae). 
^«^-«^^«''M  Lower  Peat  (Land  Surface).      ^  ^ 

I  Tipper  Boulder  Clay  (Marine). 
Miadle  Sand  and  Sninele  (Marine). 
Lower  Boulder  Clay  (Manne).  ) 
TiU  (Land-surface).  ( 


Newtr  I  \  Upper  Boulder  Clay  (Marine). 

Pliocene.         ■      GUcial 


In  1868,  afber  reading  Mr.  Morton's  description  of  the  thick  peat 
beds  resting  on  Scrohieularia  Clays,  exposed  on  the  coast  of  Wirral, 
near  Leasowe,  I  visited  that  district,  and  correlated  his  Scrohieularia 
Clay  with  a  like  clay  occurring  at  Ecdes  Place,  near  Crossens,  in  the 
estuary  of  the  Kibble,  the  overlying  thick  peat  being  nearly  con- 
tinuous between  the  two  points.  Finding  another  clay  with  Sero- 
bietdaria  in  the  alluvium  of  the  Alt,  of  later  date  than  the  peat,  I 
described  it  in  the  **  Explanation  of  the  Geological  Survey  Map  90 
S.E.,"  as  the  "Upper  Scrobicularia  Clay,"  in  contradistinction  to  the 
Lower  Scrobicularia  Clay  of  Wirral  and  Crossens,.  which  latter 
deposit,  though  recognized  to  the  north  and  south  of  the  area  com- 
prised in  that  Map,  I  failed  to  find  in  that  area,  after  a  most  carefiil 
examination  of  all  the  grey  clays  thrown  out.  in  cutting  the  long 
dykes  and  sluices  so  characteristic  of  that  country.  Here  and  there, 
at  isolated  points,  as  immediately  east  of  Freshfield  and  Ainsdale,  in 
the  experimental  brick  pit  made  near  the  "Isle  of  Wight,"  Birkdale,  I 
found  shells  of  Cyclaa  cornea,  fragments  of  horns  of  red  deer,  and 
thin  seams  of  peat. 

I  therefore  am  convinced  that  the  larger  portion  of  these  clays  in 
Lancashire,  but  not  in  Cheshire,  or  in  North  Wales,  are  of  fresh- 
water origin.  But  at  the  same  time,  from  their  gradual  thinning  out 
eastward  upon  marine  Shirdley  Hill  Sand,'  from  the  intercalation  of 
the  "  Tellina  Balthica  Sand,"  in  the  main  peat  of  Crossens  and 
Leasowe,  and  from  the  similar  intercalation  of  peat  in  the  grey  clays 

^  As  shown  in  Hor.  Sec.  of  the  Geol.  Sur.,  Sheet  63,  and  described  in  its  Explana- 
tion, and  in  the  Exp.  of  GeoL  Sur.  Map  90  S.E.,  1870.— C.  £.  De  R, 
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(whioli  I  obsenred  in  DeoemberlaBt,  in  the  excavation  for  gas-works) 
at  Blowiok,  near  Soathport,  one  would  expect  varying  and  alternating 
conditions,  and  contemporaneous  "  Lower  Scrobicularia  Clay "  to 
alternate,  or  even  entirely  take  the  place  of  the  Lower  Cyclas  Clay, 
in  any  local  area. 

The  following  remarks  occur  in  my  paper  on  the  "Post-Glacial 
Deposits,"  eta  (deseribtng  the  Leasowe  Clays)  : — ''Whilst  this 
deposition  went  on,  freshwater  forms  might  have  lived  in  pools  of 
fresh  water  in  koUows  of  the  Boulder-clay,  simultaneouuy  with 
marine  in  other  pools,  filled  by  high  tides  a  few  feet  distant; — fluvia- 
tile  and  marine  forms  of  life  preponderating  horizontally  and  verti- 
cally in  the  ults,  according  to  whether  freshets  or  spring  tides 
happened  to  be  in  the  asoendent  This  state  of  things  is  going  on 
at  the  present  time,  in  the  marshes  of  the  Ribble,  between  Preston 
and  Southport,  where,  after  heavy  rains  or  floods,  freshwater  shells 
may  be  found,  during  neap  tides,  in  the  hollows  of  the  (recent) 
Scrobicularia  mud,  and  where  crabs  may  be  found  living  in  all  the 
ditches  for  one  or  two  miles  inland.*' 

At  the  close  of  the  Glacial  epoch,  several  alternations  of  level 
appear  to  have  taken  place ;  the  surfEice  of  the  Upper  Boulder-clay, 
beneath  the  Shirdley  Hill  Sand,  is  coated  with  a  Uiin  seam  of  peat, 
at  a  little  above  the  present  high-water  level,  formed  after  much 
denudation  of  Boulder-clays  in  the  lowlands  had  taken  place. 
Over  this  denuded  plain  of  Boulder-clay  the  Sands  were  deposited, 
and  blown  from  its  edges  into  a  line  of  ancient  dunes,  equivalents  in 
timeof  the  Presall  shingle-beds  (Quart.  Journ.  Geol.  Soc.,  1870,  p.  461), 
and  the  Rampside  beds  described  by  Miss  Hodgson  of  Ulverstone. 

This  sea-bottom  becoming  land,  gradually  increasing  in  extent, 
streams  cut  channels  in  the  sands,  and  carried  their  debris  westwards, 
into  the  hollows,  and  swamp  basins,  in  the  Boulder-clay,  and  deposited 
the  Cyclas  Clay,  which  graduates  westwards,  along  a  line  not  exactly 
corresponding  to  the  present  sea-coast,  into  the  Lower  Scrobicularia 
Clay. 

Elevation  continuing  with  obstruction  of  drainage,  peat  was 
formed,  under  continental  conditions,  which  conditions  are  now  being 
succeeded  by  a  subsidence  still  in  progress. 

In  the  Blowick  Clay,  a  skull  and  several  antlers  of  Red  Deer  have 
been  recently  discovered  at  a  depth  of  16  feet  from  the  surface.  One 
of  the  latter,  procured  by  my  friend  the  Rev.  John  Bone,  of 
Southport,  has  been  presented  by  him  to  the  Museum  of  Practical 
Geology,  Jermyn  Street. 

I  am  glad  to  see  that  my  suggestion  to  Mr.  Reade,  of  examining 
the  Grey  Clays  for  Dialomacea,  has  been  productive  of  good  results. 

Geological  JSurvby  Office,  i-,    -p,    -p.     t^.„«« 


HUNSTANTON  "RED   CHALK." 
SiB, — Allow  me  to  call  your  attention  to  tlie  subjoined  extracts 
from  the  Survey  Catalogue  of  Rock  Specimens  apropos  of  the  para- 
graph on  Hunstanton  Red  Limestone,  by  W.  S.  M.,  at  p.  114  of  the 
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Edward  Forbes  has  oertainly  ibe  priority.  H.  W.  Bbutow. 

Catalogue  of  Rock  Specimens.     Seoood  Edition,  1859. 

P.  86.  No.  102.  Eurtkjf  LimetUms,  the  •qaiTtlent,  piolMUy,  of  Upper  QneBMUid. 

Hmutantoo,  Norfolk. 
Now  103.  JUd  Chalk,  Earthy  Bed  L%wte9Um»^  probably  eqaindent  to  tlie  Ganlt 
Hunstanton,  Norfolk. 

Catalogue  of  Bock  Specimens,  p.  157.    Hiird  Edition,  1862. 

98.  Red  Earthy  Limettone,  Upper  GreensancL    Hunstanton,  Norfolk. 

The  Red  Cbalk  of  Hunstanton,  as  it  is  sometimes  called,  has  been  referrad,  by 
different  antbora,  indifferently,  to  the  Gault,  Upper  GreeBsand,  and  Chalk.  Its 
proper  position  in  the  geological  scale,  ia^  moat  probably,  that  whidi  baa  been  as- 
signed to  it  by  Sir  Roderick  Mnrchison,  who,  in  1836,  stated  it  to  be  the  ec^uiyaltnt 
of  the  Upper  Grecnsand.  The  truth  of  this  is  corroborated  not  only  by  its  lying 
immediately  beneath  the  Chalk,  which  rests  oonformably  upon  it,  but  by  the  cridenee 
of  its  fossils,  the  preponderance  of  those  pecuMar  to  each  of  the  thne  formatioBs 
being  in  favour  of  the  Lower  Greensand. 

Itii  red  colour  is  attributed  to  the  peroxidation  of  the  green  grains  of  silicate  of 
iron  (or  glauconite)  with  which  it  is  cnarged.  By  the  late  Professor  Edward  Forbes, 
the  Red  (Jhalk  was  considered  to  be  the  eouivalent  of  the  Ganlt 

99.  Earthy  Limestone.     Hunstanton,  Norfolk. 

This  deposit  was  considered  by  tbe  late  Professor  Edward  Forbea  to  be^  in  all 
probability,  tbe  equivalent  of  the  tipper  Greensand  of  the  south  of  Kngland. 

MuBBUM  OF  Practical  Gboloot, 
Jebmtic  St.,  S.W. 


MR.  E.  RAY  LANKESTER  ON  SCAPHASPIS  AND  PTERASPJ8. 

In  connexion  with  Magister  Schmidt's  Note  on  Pteraspis  Knert 
(see  ante,  p.  152),  we  subjoin  the  following  copy  of  a  letter  from 
Mr.  Riiy  Lankester,  published  in  the  Academy  for  January  Ist,  1873, 
p.  11,  which  may  serve  to  show  that  author's  views  on  the  supposed 
connexion  between  Scaphaspis  and  Pteraspis,  and  also  to  refute  the 
late  Dr.  Kunth's  theory  of  the  connexion  of  these  anomalous  Fishes 
with  tlie  Crustacea. — Edit.  Geol.  Mag. 

"  In  the  Notes  of  Scientific  Work  of  the  Academy  of  November  1 
(vol.  ill.,  p.  412)  there  is  an  abstract  of  a  paper  by  Dr.  A.  Eunth 
on  Pteraspis,  in  which  evidence  is  brought  forward  to  eKtablish  a 
view  as  to  the  nature  of  the  organisms  included  under  that  term, 
contrary  to  that  which  I  (confirming  by  more  extended  study  the 
views  of  Agassiz,  Salter,  and  Huxley)  have  put  forward  in  my 
Monograph  of  the  Cephalaspida,  published  by  the  Paloeontographical 
Societ}'.  It  is  to  me  a  cause  of  twofold  regret  that  Dr.  Kiinth  has 
perished  in  the  Franco-Prussian  war,  for  not  only  have  we  thus  lost  a 
chance  of  obtaining  addiiional  knowledge  of  the  Berlin  Cyathaspis, 
but  I  shall  be  unHblo  to  obtain  from  him  the  admission  that  bis 
conclusion  is  not  in  accordance  with  the  facts.  Nevertheless,  I  am 
bound  to  point  out  how  valueless  is  the  evidence  of  Crustacean 
affinities  for  Cyathaspis  adduced  by  him,  and  how  firmly,  on  tbe 
other  hand,  it  is  established  that  the  Ifeterostraci — or  genera 
Pteraspis,  Cyathaspis,  Scaphaspis — are  the  remains  of  fish.     Ist  The 
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muiQte  •Uiiolare  of  these  ihieldB  or  oephalio  plates  is  a  veiy  peoaliar 
one,  having  a  striated,  a  cancellous,  and  a  laminate  stratum.  In  the 
three  genera  it  is  beyond  all  doubt  established  that  the  structure  is 
identical,  as  Dr.  Eonth  admits.  The  same  kind  of  origin  must  be 
assigned  to  the  plates  of  all  three  genera.  Hence,  if  PteraapU  be 
the  remains  of  a  fish,  so  are  C^aihasipiB  and  Seaphatpis,  This  posi- 
tion, I  believe,  is  unassailable,  and  was  admitted  by  Dr.  Eiinth. 
2nd.  A  specimen,  most  carefully  figured  and  described  in  my  Mono- 
graph, now  in  my  possession,  but  which  I  shall  shortly  place  in  the 
British  Museum,  shows  seven  rows  of  rhomboid  scales  attached  (not 
merely  adjacent  to)  to  a  portion  of  the  head-shield  of  a  Pteraapis. 
That  these  are  true  scales  or  lozenges  of  sculptured  calcareous 
matter  is  ahBohUelp  eeriain:  it  is  also  absoluiely  certain  that  the 
shield  is  Pteraspidian,  and  that  the  scales  and  shield  belong  to  the 
same  individual  organism.  This  is  clear  from  the  figures  drawn  by 
Mr.  Fielding,  and  cannot  be  doubted  without  charging  both  him  and 
me  with  gross  misrepresentation.  3rd.  The  scales  are  fiush-like.  I 
know  of  no  Arthropod,  nor  any  other  organism  except  a  Fish,  which 
possesses  any  structure  even  remotely  representing  them.  The  shells 
of  ChiionidcB  and  Ctrrhipedta  are  the  only  animal  structures,  except 
the  scales  of  a  Ganoid  fish  (with  which  they  agree  exactly),  which 
they  could  even  vaguely  suggest.  Hence  the  Pteraapia  shield  was 
borne  by  an  organism  which  bore  also  scales  like  those  of  a  fish : 
that  is,  a  fish  or  fish- like  animal.  And  what  is  true  of  Pteraspis  is 
from  paragraph  1  shown  to  be  true  of  Scaphaspia  and  Cyatkaapis. 
4th.  In  figs.  8,  9  of  pi.  vii.  of  my  Monograph,  restorations  of  the 
form  of  the  shield  of  Pteraspts  are  given,  which  aro  not  hypothetical 
or  schematic,  but  simple  copies  of  the  parts  preserved  in  various 
specimens,  some  nearly  perfect,  also  figured  in  the  work.  The  form 
of  his  shield,  and  its  details  as  to  apertures,  processes,  etc.,  agrees 
with  the  view  that  it  belongs  to  a  fish  most  fully.  It  has  not  the 
remotest  snggestiou  of  Crustacean  affinities  about  it.  Hence  again, 
and  by  quite  independent  evidence,  we  have  the  piscine  uat^ure  of 
PieraBpis  indicated.  Hence  by  paragraph  1  we  have  also  additional 
warrant  for  considering  Cyathaspia  to  be  piscine. 

Turning  now  to  Dr.  Ktinth's  material,  consisting  of  shields  un- 
deniably referable  to  my  Scaphaapia  and  Cyathaapia,  I  find — if  I 
may  judge  from  his  by  no  means  carefully  finished  drawings — 
nothing  which  can  be  seriously  put  in  the  balance  against  the  above 
incontestable  demonstration  of  fish-like  chamcters.  If  Dr.  Kiinth's 
evidence  did  warrant  his  inferences  as  to  Crustacean  afiinities,  it 
could  not  afiect  the  facts  cited  above.  We  should  have  to  regard 
the  Pteraspidians  as  organisms  combining  the  characters  of  Fish 
and  of  Crustacea.  But  the  evidence  offered  is  really  ludicrously 
insufficient  These  shields  occur  often  enough,  crowded  together 
in  a  slab  of  stone.  Dr.  Eunih  picks  out  two -shields,  accidentally 
brought  into  contact  with  certain  most  vague  and  irregular  frag- 
ments placed  near  them — ^not  by  any  means  attached  to  them — and 
upon  these  raises  a  theory*  The  specimen,  if  we  may  judge  by  the 
figure,  cannot  really  cause  a  moment's  serious  doubt  in  the  mind  of 
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any  person  acquainted  with  the  character  of  those  figured  in  mj 
Monograph. 

Whilst  there  is  simply  no  scope  for  discussion  upon  the  qnestios 
of  Crustacean  affinities  raised  hy  Dr.  Kunth,  the  possibility  of  the 
organic  association  in  the  same  individual  of  the  shields  whidi  I 
have  assigned  to  the  genera  Scaphaspi^  with  those  assigned  to  €^ 
thaspis,  and  in  other  individuals  with  those  assigned  to  FUnupU,  n 
altogether  another  matter.  I  myself  carefully  suggested  this  pooi- 
bility,  and  mentioned  the  association  of  some  of  the  forms,  w\aA 
suggestions  Dr.  Eiinth  quotes  from  me.  I  do  not  think  Dr.  Kiinth'i 
specimen  bears  any  characters  which  should  modify  mj  view  of  tin 
matter.  There  is  nothing  which  leads  to  the  notion  that  the  two 
shields  he  figures  were  organically  connected ;  and  I  have — dealing 
with  an  enormously  larger  body  of  material — pointed  out  in  mj 
Monograph  a  number  of  facts  which  have  led  to  an  opposite  ood- 
clusion. 

A  few  months  since  I  received  from  Herefordshire  a  specimen  of 
a  Heterostracous  shield,  which  is  new,  and  is  distinctly  intermediate 
between  Pteratpia  and  Scaphaspis.  This  I  hope  soon  to  figure  and 
describe  in  the  Oeolooioal  Magazine.  The  rostrum  is  well  de- 
veloped, but  is  not  distinctly  marked  off  from  the  rest  of  the  shield 
as  in  Pteraspia,  nor  are  the  comual  regions  and  apertures  developed. 
This  new  specimen  furnishes  a  timely  support  to  the  view  that  in 
Scaphaapia  we  have  the  same  essential  parts  as  in  Pteraspis  reduced 
or  rather  undeveloped.  (Signed)         E.  Ray  Lankestes.^ 

EXETBK   COLLEOB,   UXFOBD. 


Palbontogbaphical  Society. — ^The  Annual  General  Meeting  of 
this  Society  will  be  held  in  the  Apartments  of  the  Geological  Society, 
Somerset  House,  on  Friday,  4th  April,  at  &  o'clock  p.m.  The 
twenty-sixth  Annual  Volume,  for  1872,  appeared  in  October  last-,  and 
contained  :  1.  Supplement  to  the  Fossil  Corals,  part  iii.,  Oolitic,  by 
Prof.  Martin  Duncan,  M.B.  Lond.,  F.R.S.,  V.P.G.S.,  7  plates,  with 
indexes  to  Tertiary  and  Secondary  Corals,  pp.  42.  2.  Cretaceous 
Echinodermata,  vol.  i.,  part  v.,  by  Thomas  Wright,  M.D.,  F.E.S.B., 
F.G.S.,  5  plates,  pp.  24.  3.  British  Fossil  Crustacea :  Order  Mero- 
stomata,  part  iv.,  by  Henry  Woodward,  F.G.S.,  F.Z.S.,  10  plates, 
pp.  60.  4.  British  Fossil  Trigoniae,  by  John  Lycett,  L.R.C.P.E., 
No.  1,  9  plates,  pp.  62.  The  Honorary  Secretary,  the  Eev.  Thomas 
Wiltshire,  M.A.,  announces  that  volume  xxvii.,  for  the  present  year, 
is  in  a  forward  state  of  progress.  Very  many  of  the  sheets  are  in 
type,  and  the  majority  of  the  plates  printed.     This  volume  will 

comprise : — 

1.  Cretaceous  Echinodermata,  part  vi.,  by  Dr.  Wright 

2.  Carboniferous  Entomostraca,  by  Prof.  Rupert  Jones  and  Mr.  J.  W.  Kirkby. 

3.  Fossil  Merostomata,  part  v.,  by  Mr.  H.  Woodward. 

4.  Crag  Supi)lcn«ent,  part  ii.,  by  Mr.  Searles  Wood. 
6.  Fossil  TngoniiD,  No.  2,  by  Dr.  Lycett. 

6.  Wealdcn  Kcptilia  {Iguanodon),  Supplement  No.  5,  by  Prof.  Owen. 

7.  Pleistocene  Mammalia,  part  vi.,  by  Mr.  Boyd  DaHkiiis. 

8.  Bracbiopoda,  Supplement,  part  1.,  by  Mr.  Thomas  Davidson. 
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I. — Obsibyationb  on  the  Miobosoopio  Stbuotubb  or  Ibibh 

Gbanttes.    (No.  1.) 

By  Professor  Edwakd  Hull,  M.A.,  F.B.S. 

(PLATE  IX.) 

[Read  before  the  Royal  Geological  Society  of  Ireland,  9tli  April,  1873.] 

Granite  of  Firhogh,  Qalway  Bay. — I  propose,  as  time  and  oppor- 
tanity  permit,  to  give  the  results  of  observations  on  the  microsoopic 
structure  of  Irish  Granites,  commencing  with  one  from  GMway. 

This  is  a  porphyritic  granite  from  the  great  tract  of  granitic  rocks 
which  stretches  westward  from  the  town  of  Gal  way  itself.  It  con- 
sists of  a  base  of  silica,  dull  waxy  felspar,  and  dark-gi*een  mica  in 
nearly  equal  proportions,  in  which  are  embedded  pink  or  flesh-coloured 
crystals  of  orthoclase.  These  last  are  sometimes  half  an  inch  in 
length,  and  though  generally  occurring  as  individuals,  are  often  pre- 
sent as  twins.  The  granite  is  foliated,  and  probably  of  metamor- 
phic  origin. 

Silica. — Silica  occurs  without  crystalline  form  enveloping  all  the 
other  minerals.  It  is  structureless,  but  full  of  cells  which  are  visible 
with  a  high  power.  With  polarized  light,  and  on  rotating  the  upper 
prism,  the  silica  presents  the  usual  gorgeous  play  of  colours ;  being 
broken  up  into  distinct  patches  of  irregular  form,  each  refracting 
different  prismatic  colours.  Some  of  the  patches  show  round  their 
edges  parallel  wavy  bands  of  prismatic  colours,  marking  out  the 
individuality  of  the  patches,  and  indicating  the  manner  in  which  the 
particles  consolidated  in  independent  masses  of  various  sizes — some- 
times exceedingly  small.  The  cellular  structure  of  a  portion  of  the 
silica  is  shown  in  Fig.  4.  These  cells  are  often  so  minute  that  three 
successive  series  are  brought  into  the  field  upon  changing  the  focus 
of  the  microscope  by  means  of  the  mill-headed  screw,  with  a  mag- 
nifying power  of  350  diams.  Along  with  the  cells  are  numerous 
long  **  belonites,"  or  "  trichites,"  sometimes  perfectly  straight,  and 
stretching  in  all  directions  through  the  mass  of  the  silica.  With  the 
1-inch  object-glass  these  can  be  generally  observed,  but  with  the 
^-inch  and  the  No.  2  eye-piece,  magnifying  350  diams.,  they  are 
very  well  brought  out,  sometimes  in  extraordinary  numbers.  Even 
with  this  power  their  apparent  thickness  is  not  so  great  as  that  of 
the  finest  needle,  with  an  apparent  length  from  an  inch  downwards. 
In  one  or  two  instances  they  appear  to  be  barbed,  but  this  may  be 
owing  to  the  meeting  of  two  trichites  at  a  point :  tbei^  ^x^  ^<:» 
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examples  of  trichites  slightly  bent  or  carved.  The  general  appear- 
ance of  these  in  one  part  of  the  field  is  represented  in  Fig.  4.  Some- 
times the  silica  contains  cells  only  without  tribhitea.^  What  the 
nature  of  these  needle-like  objects  may  be  I  have  no  means  of 
judging  from  this  slice. 

Cavities  are  exceedingly  numerous  in  the  silica.  Some  of  these 
resemble  the  forms  described  and  figured  by  Mr.  Sorby  in  his 
admirable  and  well-known  paper  ''  On  the  Microscopical  Structure 
of  Crystals."'  They  are  of  various  shapes,  inclosing  the  little 
globule  of  fluid  which  just  comes  into  view  with  a  magnifying  power 
of  350  diameters ;  and  must  be  less  than  -ruV?  ^^  ^^  ^^^  ^  diameter. 
Others,  however,  are  much  larger,  and  sometimes  4o  not  appear  to 
contain  any  bubble ;  and,  as  Mr.  Sorby  suggests,  the  fluid  may  have 
escaped.  One  of  the  fluid  cavities  is  represented  in  Fig.  5,  others 
in  Fig.  4. 

Stone  cavities,  or  appearances  which  I  take  to  be  such  as  figured 
and  described  by  Mr.  Sorby,  are  also  numerous  in  the  silica.  Along 
with  the  confused  broken  materials  which  they  contain  ai'e  also 
minute  blaek  specks.  The  form  of  these  stone  cavities  is  often  veiy 
irregular  and  ill  defined. 

Occasionally  perfect  spheres  occur,  which  may  be  assumed  to  be 
gas  cavities.  They  are,  however,  rare ;  but  one  1  have  attempted  to 
represent  (Fig.  6)  is  associated  with  several  others,  and  is  of  the 
apparent  size  represented,  when  magnified  about  1000  diams.  Figures 
7  and  8  are  similar  spheres  in  the  silica  of  a  reddish  porphyry  from 
the  Old  Red  Sandstone  of  Lesmahago,  which  are  inserted  for  the 
sake  of  comparison.  They  are  exceedingly  beautiful  objects  under 
the  microscope,  the  opaque  walls  shading  off  into  the  translucent 
centres  through  a  series  of  delicately  blended  purple  rings. 

Felspar  (Tnclinic). — The  dull  waxy-looking  felspar  of  the  base  is 
triclinio,  and  in  all  probability  oligoclase.  With  polarized  light  the 
parallel -banded  structure  characteristic  of  triclinio  felspars  is  ap- 
parent in  the  case  of  several  small  crystalline  grains  (see  Fig.  9), 
but  the  bands  of  colour  are  less  vivid  than  in  the  case  of  some 
albitc  felspars.  I  hope  on  a  future  occasion  to  compare  the  relative 
refructivo  powers  of  albito  and  oligoclase  in  granite. 

Orthoclase. — This  felspar  predominates,  not  only  in  the  larg^ 
individual  flesh-coloured  crystals,  porphyritically  developed,  but  in 
the  base  itself.  In  the  case  of  the  larger  crystals,  however,  it  pre- 
sents a  very  remarkable  appearance,  especially  when  seen  by 
polarized  light,  showing  a  cross-handed  structure  of  a  kind  very  dis- 
similar from  the  banded  structure  of  the  triclinio  felspars  (Fig.  1.) 
This  structure  I  have  observed  in  thin  sections  of  granite  from 
other  districts,  such  os  Dublin  and  Wicklow ;  but  not  in  the  felspar 
of  any  other  rock  but  granite ;  and  my  present  impression  is  that 

1  I  nm  uncertain  whether  to  use  the  term  "  belonites,"  *' trichitet,"  or  **  aadd- 
ohen'' — terms  used  by  Zirkel  and  Allport  for  somewhat  similar  objects  in  the  bast  of 
some  basalts.  Apparently  similar  hair-like  bodies  from  the  "sanidinite"  of  Mont 
Dore  are  considered  by  Dr.  A.  v.  Lasaulz  to  be  hornblende.  Poggen.  Annslen  B. 
14i.  p.  156. 

>  Quart.  Joum.  Geol.  Soc.,  Lond.,  toL  lir.  p.  453. 
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the  cross-banded  straoture  is  ohaiaoteristio  of  granitio  rocks.  Dr. 
Zirkel  has,  I  believe,  observed  a  similar  structure. 

This  structure  differs  from  that  of  the  triclinic  felspars,  in  that 
the  bands  of  colour  are  somewhat  irregular,  interrupted,  and  crossed 
by  other  bands  perpendicular,  or  nearly  so,  to  the  former.  On 
rotating  the  analyzer,  the  colours  change  through  purple  shading 
into  yellow ;  grey,  and  blue  shading  into  green.  At  firet  I  was  in 
donbt  regarding  the  cause  of  this  peculiar  appearance ;  but  with  a 
high  magnifying  power  all  doubt  vanished.  It  was  then  seen  to  be 
due  to  a  cellular,  or  tubular,  structure ;  the  whole  mass  of  the 
mineral  being  penetrated  in  two  directions  by  a  series  of  irregularly 
parallel  tubes,  or  in  reality  planes  of  cells,  tapering  in  both  diredtions 
and  appearing  like  strings  of  little  beads  hanging  from  invisible 
points.  This  structure  is  best  seen  by  using  the  lower  prism 
("  polarizer'*)  only,  and  observing  the  section  with  the  J-inch  object- 
glass,  when  it  will  appear  somewhat  like  that  represented  in  Fig.  2. 
Some  of  the  lines  of  cells  are  straight,  others  bent  a  little,  while  the 
intervening  portions  of  the  mineral  are  perforated  by  very  minute 
solitary  cells.  A  portion  of  one  of  the  longitudincU  bands  of  cells  is 
represented  in  the  upper  part  of  the  figure.  These  are  visible 
with  the  J-inch  power  in  special  parts  of  the  thin  slice,  and  though 
not  so  numerous  as  the  transverse  bands,  are  more  continuous.  They 
are  also  lines  or  bands  of  weakness ;  for  in  the  slice,  the  margin  of 
which  passes  across  one  of  those  cross-banded  felspar  crystals,  there 
is  always  a  little  notch  at  the  point  where  the  baud  meets  the  edge. 
In  speaking  of  this  cross-banded  felspar  as  "  orthoclase,"  I  am 
assuming  that  the  large  crystals  in  the  slice  belong  to  the  large 
flesh-coloured  crystals  in  the  rock  itself,  which  are  known,  by  the 
determination  of  Dr.  Haughton,  F.R.S.,  to  be  orthoclase.  Of  this  I 
have  no  doubt ;  and  even  if  the  evidence  was  less  positive  under  this 
head,  I  should  have  concluded  the  mineral  to  be  orthoclase  from  the 
absence  of  the  fine  parallel  lines  and  bands  of  colour  when  viewed 
with  polarized  light  As  regards  the  arrangement  of  the  longer  (or 
horizontal)  bands  of  cells,  my  friend  Dr.  Emerson  Reynolds,  on 
viewing  the  slice,  suggested  to  me  that  they  must  coincide  with  the 
planes  of  cleavage  of  the  crystal,  as  it  would  be  naturally  along  such 
planes  that  the  cells,  whether  filled  originally  by  gas  or  steam,  would 
arrange  themselves.  The  parallelism  of  these  bands  confirms  this 
view. 

Mica. — The  foliated  structure  of  the  granite  is  well  exemplified 
by  the  arrangement  of  the  mica  in  the  slice.  Besides  scattered 
flakes  imbedded  both  in  the  silica  and  felspar,  there  are  three  irre- 
gularly parallel  bands  crossing  the  section  transversely,  and  com- 
poseil  of  numerous  sets  of  twisted  flakes,  sometimes  rich  brown  or 
bronze  in  colour,  sometimes  almost  colourless.  As  usual,  they  are 
all  deeply  scarred,  and  are  sometimes  quite  opaque,  or  slightly  trans- 
lucent. One  minute  crystal,  showing  the  hexagonal  form,  is  inclosed 
in  a  cavity  in  felspar  (see  Fig.  3).  Some  of  the  black  specks  seen 
in  the  mica  I  suspect  to  be  magnetite,  representing  the  excess  of  iron 
over  that  which  has  entered  into  the  composition  oi  tinQ  inxoi^  \\ai^l* 
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The  forms,  however,  are  not  so  satisfiEMstory  as  in  one  or  two  other 
instances  in  which  I  have  observed  grains  of  magnetite  in  the  mica 
of  granite,  as,  for  instance,  in  the  granite  of  Killiney  HilL  The  mica 
in  the  section  seldom  shows  well-defined  crystalline  forms;  and  along 
its  margin  is  entangled  with  the  other  minerals,  often  in  so  ill-defined 
a  manner  as  to  suggest  the  idea  of  a  mineral  in  process  of  formatimi. 
May  not  this  be  an  appearance  due  to  the  metamorphic  origin  of  this 
granite  itself?  I  am  still,  however,  in  doubt,  whether  the  rich 
bronze-coloured  mica  is  of  a  different  species  from  the  odourless, 
but  equally  twisted  and  scarred  variety,  seen  under  the  microooope. 

EXPLANATION  OP   PLATE  IX. 

Fio.  1  a  b. — Portions  of  large  felspar  crptal,  showing  cross-banded  stroctare  with 
polarized  Ught,  mica-nakes  in  lower  part  of  the  field;  magnified  25 
diameters. 

Fio.  2. — ^Portion  of  No.  1  magnified  200  diameters,  showing  cellular  stmctnre  in 
both  directions ;  also  numerous  little  cells  in  the  spaces  intervening  be- 
tween the  lines  of  cells. 

Fio.  3. — Carity  in  felspar,  with  a  well-formed  crystal  of  mica  (F)  and  a  mica- 
fiake,  together  with  little  transparent  prisms  and  grains;  magnififld  350 
diameters. 

Fio.  4. — Group  of  fluid  cavities,  minute  prismatic  crystals,  and  trichites  in  silica ; 
ma}![nified  200  diameters. 

Fio.  6  (a), — Fluid  cavity  in  silica ;  magnified  360  diameters. 

(b), — ^The  same  enlarged ;  the  fiuid  bubble  resting  on  one  side  of  the  caiitj. 

Fio.  6. — A  spberular  ns-ceU  in  silica ;  magnified  about  1000  diameters. 

Fio.  7.— Spberular  cells  in  silica,  from  quartz-porphyry  of  Lesmahago,  Scotland ; 
magnified  65  diameters. 

Fio.  8. — Part  of  a  mica-crystal,  replaced  by  silica,  and  containing  a  sphemlar  gas- 
cell  ;  Lesmahago ;  magnified  65  diameters. 

Fig.  9. — Crystal  of  trielinic  felspar,  probably  oligoclase ;  magnified  25  diameteta. 

The  slices  were  prepared  by  Mr.  J.  B.  Jordan,  of  the  Mining  Beeord  Office. 


II. — Teetiaby  AND  Pakkozoio  Tkap-books. 
By  S.  Allport,  F.G.S. 

MANY  Geologists  will  hail  with  satisfaction  the  accession  of 
Prof.  Hull  to  the  ranks  of  the  few  who  appreciate  the 
importance  of  a  microscopic  examination  of  rocks ;  and  the  communi- 
cation from  him  which  appeared  in  the  last  Numher  of  the  Geological 
Magazine  is  the  more  welcome,  as  it  contains  a  promise  of  further 
reseai'ches  in  the  same  direction. 

In  a  new  line  of  inquiry,  every  addition  to  the  numher  of  investi- 
gators may  be  expected  to  give  rise  to  new  views,  and  produce 
differences  of  opinion  among  those  engaged  in  it.  Prof.  Hull's  paper 
may  be  cit^d  as  a  case  in  point,  for  it  appears  that  his  observations 
have  already  induced  him  to  incline  towards  an  opinion,  which  my 
own  investigations  lead  me  to  reject  as  untenable. 

In  the  paper  referred  to,  the  Limerick  traps  are  described  as  con- 
sisting of  augite,  felspar,  magnetite  and  olivine,  imbedded  in  a 
glassy  base,  the  augite  occurring  in  small  quantities  in  the  form  of 
scattered  crystals  and  grains.  These  rocks  are  then  compared  ¥riih 
the  Tertiary  traps  of  the  Antrim  area,  which  are  stated  to  consist  of 
felspar,  titano-ferrite,  and  olivine,  imbedded  in  an  augitic  base.  It  is 
then  shown  that  the  relations  of  the  minerals  are  different  in  eaoh 
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caae,  the  angite  being  so  abundant  in  the  Antrim  rocks  as  to  form  the 
base,  while  in  the  Limerick  traps  it  occurs  in  small  quantities,  and 
has  crystallized  out  in  individual  crystals,  bearing  a  small  proportion 
to  the  whole  mass. 

After  stating  that  these  facts  point  to  an  essential  difference  in  the 
two  magmas,  Prof.  Hull  observes  that  the  distinction  here  noted 
between  the  structure  of  the  Carboniferous  and  Tertiary  augitic  rocks 
is  not  admitted  by  me ;  and  concludes  with  the  remark  that  his  own 
observations  tend  rather  to  confirm  the  opinion  of  Mr.  Forbes,  which 
is,  that  eruptive  rocks  of  different  geological  epochs  differ  essentially 
in  mineral  constitution. 

I  would  observe,  in  the  first  place,  that  I  certainly  am  not  pre- 
pared to  admit  that  a  difference  in  the  relative  proportions  of  any  of 
the  constituents  is  sufficient  to  indicate  an  essential  difference  in  the 
rocks  in  which  they  occur.  My  experience  is,  that  there  is  frequently 
so  great  a  variety  in  the  relative  quantities,  and  even  in  the  state  of 
crystallization  o£  the  minerals,  in  parts  of  the  same  rock,  that  I 
doubt  the  existence  of  any  considerable  mass,  which  would  not 
supply  differences  quite  as  great  as  those  pointed  out  by  Prof.  Hull. 

Examples  of  such  variations  are  quite  common  in  the  Carbonifer- 
ous and  Tertiary  dolerites,  and  are  well  exhibited  in  the  Antrim  traps 
themselves.  I  have  twelve  sections  of  these  rocks,  and  although 
neither  of  them  could  fairly  be  described  as  consisting  of  a  base  of 
augite,  containing  felspar,  etc.,  I  do  not  in  the  least  doubt  that  such 
may  occur ;  for  in  one  of  them  the  augite  is  very  abundant,  irre- 
gularly crystallized,  and  is  frequently  penetrated  by  felspar ;  there 
are,  however,  numerous  felspar  crystals  forming  the  usual  irregular 
network,  and  although  the  augite  presents  no  definite  forms,  it  is 
in  a  perfectly  crystalline  state,  as  is  evident  from  its  action  on 
polarized  light  Another  specimen  from  Ballyclare  is  a  good  typical 
dolerite,  containing  numerous  well-formed  crystals  of  felspar,  with 
grains  and  crystals  of  augite  and  olivine  scattered  through  the  mass  ; 
another  variety  contains  far  more  olivine  than  augite ;  and  a  fine- 
grained basalt  from  the  Giant's  Causeway  contains  innumerable 
small  crystals  and  grains  of  augite,  felspar,  and  magnetite  in  a  glassy 
base. 

This  glassy  base,  which  is  said  to  constitute  a  difference  between 
the  two  series  of  rocks,  certainly  occurs  in  the  Antrim  basalts,  and 
is  common  in  many  Carboniferous  and  Tertiary  dolerites ;  it  can  there- 
fore form  no  ground  of  distinction  between  the  two. 

In  the  description  of  the  Limerick  traps  the  base  is  said  to  be  in 
all  cases  a  glass,  and  the  terms  glass  base  and  f  el  spathic  base  are  used 
indiscriminately.  It  appears  to  me  very  desirable  to  make  a  clear 
distinction  between  the  two  expressions ;  for  whatever  may  be  the 
chemical  composition  of  the  substance  properly  called  glass,  it  is 
quite  structureless,  exhibits  no  trace  of  double  refraction,  and  there- 
fore always  remains  dark  between  crossed  prisms.  Some  of  the 
felspar  may  also  appear  dark  at  the  same  time,  but  if  the  polarizer 
is  rotated  a  few  degrees,  and  the  two  prisms  again  crossed  by  moving 
the  analyzer,  the  relative  positions  of  the  two  sets  oi  o^\as^  «&^^  ^x^ 
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changed,  and  the  felspar  transmits  light  Examined  in  this  way  I 
find  no  traces  of  glass  in  a  fine-grained  specimen  from  Koxborough, 
while  it  is  extremely  rare  in  another  from  Herbertstown,  and  vecy 
abundant  in  the  Rathjordan  trap. 

Although  there  are  Tertiary  basalts  which  cannot  be  distinguished 
from  others  of  Carboniferous  age,  it  is  by  no  means  asserted  that  aU 
Tertiary  and  all  Carboniferous  basalts  are  alike ;  for  great  differences 
certainly  exist  between  augitio  lavas  of  different  volcanic  districts ; 
the  same  is  true  of  those  of  the  older  geological  periods,  and  similar 
differences  oocur  between  rocks  of  various  periods.  It  becomes 
evident,  therefore,  that  a  dissimilarity  within  the  range  of  sudi 
variations  can  give  no  support  to  the  opinion  that  Uiere  is  an 
essential  difference  between  rocks  of  different  ages.  Having  now 
examined  a  considerable  number  of  rocks  from  various  localities,  1 
intend  shortly  to  publish  some  of  the  results,  and  hope  to  fully 
justify  the  view  which  I  have  for  some  time  maintained  as  to  the 
complete  identity  in  composition  and  structure  of  eruptive  rocks  of 
widely  separated  geological  periods. 

III. — On  thv  Sarseh  Stones  of  Bsbkshire  akd  Wiltb.^ 

By  the  Rev.  John  Adaxs,  M.A.,  etc. 

EVERY  one  who  has  traversed  our  Chalk  Downs  most  have 
noticed  here  and  there  shapeless  masses  of  grey  stones,  half 
buried  in  the  turf.  Sometimes  they  are  found  in  groups,  like  the 
shattered  ruins  of  some  ancient  temple,  and  at  other  times  they 
occur  in  isolated  blocks,  as  though  giant  hands  had  hurled  them  at 
random  over  the  bills  in  wanton  sport.  At  one  place,  near  the 
village  of  Rennet,  they  assume  the  appearance  of  a  multitudinous 
flock  of  sheep,  and  are  known  by  the  appropriate  designation  of 
"  Groy  Wethers,"  whilst  at  other  places  in  the  same  vicinity  they 
bristle  on  the  liill-sides,  and  trail  along  the  valleys  like  the  debris  of 
an  avalanche  or  the  moraine  of  a  glacier.  Nowhere  do  they  exist  in 
such  profusion  as  on  the  west  of  Marlborough,  but  they  are  found 
scattered  over  the  whole  Chalk  area  of  this  district.  At  the  western 
end  of  it  they  consist  chiefly  of  saccharoid  sandstone.  Further  east, 
especially  around  Newbury,  they  become  smaller,  harder,  and  more 
crystalline;  whilst  in  the  neighbourhood  of  Great  Bodwyn,  and 
occasionally  elsewhere,  they  take  the  form  of  pudding-stone,  being 
agglomerations  of  flint  pebbles,  cemented  together  in  a  matrix  of 
siliceous  sand.  The  name  by  which  these  stones  are  generally  known 
is  "  Sarscns  "  or  "  Sassenff,"  and  there  are  various  opinions  current 
concerning  the  meaning  of  the  word,  many  of  which  are  so  far- 
fetched and  improbable  that  they  are  undeserving  of  notice.  Aubrey 
traces  the  word  to  the  village  of  Sarsden,  three  miles  from  Andover, 
and  thence  to  Csar's  dene,  Caisar's  dene,  CsBsar's  plain,  now  Salis- 
bury Plain.  "Nat.  Hist,  of  Wiltshire,"  p.  44.  Higgins  derives  it 
from  a  Persian  word,  "  Celtic  Druids,"  p.  6  ;  and  Stukeley  from  the 
Phoenician  language.     The  commonly  received  derivation  is  finom 

»  From  the  "  Transactions  of  the  Newbury  District  Field  Qub,"   1871.     See 
Geol.  Mao.,  No.  105,  p.  117. 
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" Saracen, V  and  a  writer  in  ''Notes  and  Queries"  thus  indorses  it 
(▼ol.  xL  494) :  "  The  Saxons  implied  the  term  Saresyn  to  pagans  or 
heathens  in  general ;  and,  as  the  prinoipal  specimens  of  these  blocks 
of  stone  were  perceived  to  be  congregated  into  temples  popularly 
attributed  to  heathen  worship,  it  naturally  came  to  pass  that  the 
entire  formation  acquired  the  distinctive  appellation  of  Saresyn,  or 
heathen  stones."  Unfortunately  for  this  explanation,  we  never  find 
the  epithet  "Saracen"  applied  to  Stonehenge,  Abury  (or  Avebury),  or 
any  other  heathen  temple  or  monument  in  this  country.  Moreover, 
those  stones  must  have  had  a  distinctive  name  long  before  the  Saracens 
were  heard  of  by  the  Saxon  inhabitants  of  our  Chalk  Downs ;  and  it 
is  most  unlikely  that  their  ancient  designation  should  ever  have 
given  place  to  a  foreign  word,  especially  such  a  vague  and  inappro« 
priate  one  as  "  Saracen  "  must  have  been. 

Another  derivation  of  the  word  is  from  "  Sel  Stan,"  great  stone ; 
the  prefix  "Sel"  being  sometimes  used  in  Saxon  topography  for 
great,  e,g.  Selwood;  and  in  support  of  this  notion,  I  have  been 
informed  that  in  the  north  of  England,  isolated  masses  of  rock  are 
called  "  Selfstone,"  pronounced  '*  Selsun."  The  Latin  word  Saxum 
also  has  been  suggested  as  the  probable  root  of  the  name ;  and  as  it 
expresses  exactly  what  Sarsen  commonly  means,  and  was  doubtless 
the  word  by  which  the  Bomans  designated  the  stones,  it  is  not  im- 
possible that  the  Belgic  Britons  of  those  regions  may  have  borrowed 
it  from  them,  and  handed  it  down  to  their  descendants,  corrupted 
into  "Sarsens."^ 

I  would  venture,  however,  to  give  another  derivation  which  seems 
to  me  more  probable  than  the  foregoing.  The  Saxon  words  **  Sar," 
grievous,  troublesome,  and  "  Stan,"  a  stone,  are,  I  believe,  the  origin 
of  the  term.  In  pronunciation  they  would  naturally  become  Sarsen, 
Sassen,  or  Sarsden ;  and,  moreover,  their  signification  is  most  appro- 
priate to  those  stones;  for  when  the  downs  were  first  brought  imder 
cultivation,  the  breaking  up  and  hauling  away  such  impediments  to 
the  plough,  as  they  were,  must  have  been  a  very  sore  and  trouble- 
some work.' 

With  regard  to  the  origin  of  the  blocks  themselves,  theories  have 
been  propounded,  even  more  absurd  than  those  concerning  their 
name.  Sir  Christopher  Wren,  e.g.,  thought  that  they  were  cast  up 
by  a  volcano  1*  Stukeley's  notion*  was  that,  because  they  were  of 
greater  specific  gravity  than  the  Chalk,  they  were  expelled  from  that 
formation  by  the  rotation  of  the  earth  I     A  writer  in  the  "Archseo- 

*  I  am  indebted  to  Prof.  Phillips  for  this  saggestion. 

'  The  word  "  Sar"  occurs  in  the  earliest  copy  of  the  poem  of  "  CheTy  Chase" — 

**  The  dint  it  was  both  sad  and  sdr 
That  he  of  Montgomry  sets ; 
The  swan  feathers  that  his  arrow  bar 
With  his  hart-blood  they  were  wet." — Fit  it.  r.  90. 
In  the  preceding  verse  the  word  **  soar  "  (sore)  is  used  instead  of  "  sar  ^'  :— 

**  A  dynt  that  was  both  sad  and  soar." 
The  Scotch  word  "  sair,"  signifying  great,  as  well  as  painful,  best  expresses  the 
meaning  of  the  Anglo-Saxon  adjective  «•  Sar:*—Note  by  Edit,  N,  D.  F,  C.  Tr, 

*  See  Aubrey's  •»  Nat.  Hist,  of  Wiltshire/'  p.  44.  *  "  Abury,"  p.  16. 
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logia"^  87  years  ago,  conjectared  that  the  Sonens  in  the  jieighboiir- 
hood  of  AshdowQ  Park,  were  thrown  up  and  scattered  over  the 
downs  "  by  an  explosion  accompanying  an  earthquake  1 "  Amongst  the 
peasantry  the  general  belief  at  the  present  time,  like  that  of  Topay 
concerning  her  origin,  is  that  they  grew ;  and  axe  as  much  a  natoral 
product  of  the  soil  as  mnshrooms  or  thistles. 

But  what  are  the  opinions  of  G^logists  as  to  the  origin  and 
character  of  these  remarkable  stones  ?  Various  theories  have  from 
time  to  time  been  advanced,  but  it  is  now  unanimously  believed  that 
they  are  the  remains  of  Tertiary  beds  which  onoe  overspread  the 
Chalk  of  this  district,  but  which  have  been  broken  up  and  swept 
away.  With  regard,  however,  to  the  precise  series  of  strata  to  whidi 
they  belonged,  there  are  conflicting  opinions. 

Mr.  Prestwich  assigns  them  to  the  Woolwich  and  Reading  beds, 
ue.  the  mottled  clays  and  sands  which  in  this  vicinity  immediately 
overlie  the  Chalk ;  and  his  conclusion  is  mainly  based  on  this  fact, 
that  the  sands  of  that  series  are  of  precisely  the  same  mineral  cha- 
racter as  the  blocks  themselves.  ''The  concretionary  atone,"'  he 
says,  *'  in  each  case  represents  the  component  parts  of  some  portion 
of  the  Woolwich  and  Beading  series." 

A  tabular  mass,  apparently  in  situ,  was  discovered  some  yean 
since  at  Welford  Woodlands,  near  Hangman-stone  Lane,  in  a  thin 
outlier  of  those  beds.  It  was  10  or  12  feet  in  width,  and  lay  hori- 
zontally within  a  few  inches  of  the  Chalk.  As  its  surface  was  barely 
plough-deep,  it  was  thought  expedient  to  get  rid  of  it ;  ttnd  after 
attempts  were  made  in  vain  to  break  it  up,  a  pit  was  dug  on  one 
side  of  it,  into  which  it  was  tilted.  In  making  the  excavation  the 
edges  of  three  other  tabular  blocks  were  laid  bare,  all  lying  horizon- 
tally at  the  same  depth  on  reddish  clay.  One  of  them,  which  I  un- 
covered a  short  time  since,  is  of  enormous  dimensions,  being  9fl.  Gin. 
by  9ft.  and  25  inches  in  thickness.  A  ploughman  informed  me  that 
in  cultivating  the  field,  the  surface  of  others  are  sometimes  touched 
near  tlio  same  spot ;  and  small  stones  of  similar  character  abound  in 
the  vicinity,  expecially  where  pits  have  been  dug  for  chalk.  Masses 
of  similar  stone  occur  also  in  the  same  formation  at  Langley  Park, 
near  Beedon,  and  are  resting  unquestionably  on  the  very  spot  where 
they  wore  consolidated.  They  are  imbedded  in  sand  somewhat 
stained  with  oxide  of  iron,  and  may  be  dug  out  in  nodules  of  all 
sizes,  and  of  every,  degree  of  hardness.  Some  are  so  soft  that  they 
may  be  knocked  to  pieces  by  a  gentle  blow  of  the  hammer ;  whilst 
others  have  the  toughness  and  close-grained  structure  of  the  most 
compact  Sarsen.  Most  of  them,  however,  are  coated  with  sand  which 
is  imperfectly  solidified,  but  which  gradually  merges  into  the  crys- 
talline character  of  the  block;  and  the  process  of  agglomeration 
seems  to  have  been  carried  on  by  accretions  of  pure  sand  gathering 
round  the  mass  on  all  sides.  Generally  those  accretions  appear  to 
have  taken  the  form  of  balls,  varying  in  size  from  a  pea  to  a  walnut ; 
and  they  now  give  a  very  picturesque  aspect  to  the  stones,  causing 
many  of  them  to  resemble  huge  clusters  of  Coral. 

^  Vol  ?iii.,  p.  442.  *  Quart.  Joorn.  Geol.  Soo.,  toL  z.,  p.  123. 
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Bnt  it  baa  been  demonstrated  that  the  Sarsens  may  be  traced  to 
other  beds  as  well  as  to  the  Lower  Eocene.  Mr.  Whitaker,  whilst 
admitting  that  many  of  them  must  owe  their  origin  to  the  Woolwich 
and  Beading  series,  assigns  those  in  our  district  chiefly  to  the 
Bagshot  Sands,  which  once  overspread '  this  end  of  the  London 
Basin,^  but  have  been  in  great  measure  denuded  ;  and  inasmuch  as 
they  are  often  found  resting  on  London  Clay,  which  intervenes 
between  the  Bagshot  Sands  and  the  Woolwich  and  Beading  beds, 
there  can  be  no  doubt  of  the  soundness  of  his  argument.  Moreover, 
he  shows  that,  west  of  Newbury,  the  Lower  Eocene  strata  gradually 
thin  off,  and  terminate  altogether  near  Marlborough ;  whilst  there  is 
reason  to  believe  that  the  Bagshot  Sands  overlapped  them  on  the 
west,  and  rested  directly  on  the  Chalk;  and  it  is  just  on  that  margin, 
over  which  the  lowest  beds  never  seem  to  have  spread,  that  the 
Sarsens  are  most  abundant.  His  reasoning  may  furthermore  be 
strengthened  by  a  circumstance  which  he  has  not  mentioned,  viz. : 
that,  like  the  Bagshot  Sands  in  this  district,  the  Sarsens  are  entirely 
destitute  of  fossils;  whereas,  if  they  had  been  formed  only  in  the 
underlying  beds,  this  would  not  always  have  been  the  case,  inas- 
much as  those  beds  are  sometimes  fossiliferous. 

Whatever  their  geological  parentage  may  have  been,  it  is  certain 
that  th^y  have  not  travelled  far  from  their  native  home ;  for  many 
of  them  have  angles  almost  as  sharp  as  blocks  newly  quarried  ;  and 
specimens  which  have  been  rounded  By  friction  are  very  rare.' 

We  may  fairly  assume  then  that  those  singular  stones  are  thfe 
remains  of  various  Tertiary  strata,  which  at  some  remote  time 
covered  this  district;  and  that  they  owe  their  anomalous  position 
to  the  denudation  which  has  dislodged  them  from  their  beds,  and 
swept  away  the  parent  sands  and  clays  in  which  they  were  formed. 

What  a  strange  history  theirs  would  be,  if  they  could  unfold  to  us 
the  vicissitudes  through  which  they  have  passed  1  Ages  ago,  long 
before  this  earth  was  peopled  by  human  beings,  the  whole  of  this 
r^on  lay  buried  beneath  the  sea;  and  the  water,  charged  with 
silex.  here  and  there  cemented  its  sandy  bed  into  compact  blocks  of 
stone.  Why  the  process  of  consolidation  should  have  gone  on  only 
in  particular  places,  and  not  throughout  the  whole  mass  of  sand,  it  is 
no  easy  matter  to  explain.  But  so  it  seems  to  have  been.  Some- 
times stems  of  Fucoids  were  buried  and  sealed  up  in  the  incipient 
rocks,  leaving  a  vacuum  as  they  decayed  within  the  solid  sub- 
stance of  the  stone.  Sometimes,  too,  Molluscs  would  bore  for 
themselves  a  home  in  their  sides,  just  as  we  see  similar  creatures 
burrowing  in  the  rocks  of  our  modem  sea-coasts.  How  else  can  we 
account  for  the  winding  root-like  holes  with  which  many  of  them 
are  perforated  ?  After  they  had  grown  old,  humanly  speaking,  in 
their  original  bed,  the  sea  withdrew  from  them,  and  loft  the  sand 
exposed  to  the  wasting  influences  of  frost  and  sunshine,  storm  and 

*  Quart.  Journ.  Geol.  Soc,  vol.  xviii.,  p.  271. 

'  For  figures  and  descriptions  of  some  water-worn  and  rounded  Sarsen  stones 
from  the  neighbourhood  of  Southampton,  see  Geol.  Mao.,  1866,  Vol.  III.  p.  296, 
Plato  XIII. 
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rain.  Ck)n8equ6iitl7,  as  the  agea  roUed  ox^  layezs  of  tihem  were 
tmoovered,  and  the  softer  parts  decayed  under  the  sabaerial  agencies 
which  unceasingly  acted  upon  them.  Hence  the  weather-worn  cor- 
roded facea  which  many  of  them  now  present ;  efieots  whidi  oould 
not  have  heen  produced  within  the  human  era,  because  they  are 
apparent  on  those  which  are  disinterred  from  day-pits,  as  well  as  on 
the  surface  blocks.  Subsequently,  through  some  convulsion  of  nature 
which  depressed  the  diy  land,  the  sea  returned  for  a  time  to  its 
former  bed.  Tides  and  currents  in  some  places  undermined  their 
foundations,  lowering  them  till  they  rested  upon  the  ancient  Chalk 
formation,  and  at  others  overwhelming  them  by  deposits  of  sand  and 
day.  Surging  waves  pounded  all  that  were  soft  and  friable  to  their 
original  dements,  and  scattered  small  nodules,  too  hard  tobecTUshecl, 
broadcast  everywhere ;  so  that  we  can  easily  understand  how  it  is 
that  so  many  triturated  fragments  of  Sarsens  are  now  found  in  our 
gravel-pits,  and  why  it  is  that  the  masses  on  our  downs  are  scattered 
about  in  such  profusion. 

Since  they  were  stranded  where  they  now  lie,  they  have  been 
rapidly  diminishing  in  numbers;  for,  like  everything  dae  among 
the  natural  stores  which  Qod  has  given  us,  they  have  an  economical 
value.  Several  examples  remain  of  the  way  in  which  they  were 
utilized  in  primeval  times.  The  huge  tri-lithons  of  the  outer  drde 
at  Stonehenge,  the  stupendous  temple  of  Abury,  the  cromlech  at 
Glatford,  and  Wayland  Smith's  cave,  were  all  constmoted  with 
Sarsens ;  and  in  modem  times  they  have  been  extensively  used  for 
various  purposes.  We  find  them  in  the  foundations  of  churches  and 
old  houses  in  this  district,  many  of  our  streets  are  pated  with  them, 
and  they  are  still  quarried  and  broken  up  in  certain  places  for  build- 
ing materials. 

Well  may  those  venerable  relics  of  a  former  world  be  called 
Sarsens,  or  ''  sad  stones."  llieir  name,  if  such  be  its  meaning,  has 
a  fitness  far  beyond  that  which  the  unlettered  Saxon  dreamt  of  when 
he  gave  it;  for  they  are  the  waifs  and  strays  of  an  appdling  wreck, 
and  their  condition  is  akin  to  that  of  shipwrecked  mariners  on  some 
foreign  shore.  They  are,  in  fact,  the  lonely  survivors  of  a  land 
which  the  wasting  elements  have  dissolved,  and  the  floods  have 
utterly  swept  away. 


TV. — On  Fissubes,  Faults,   Contobtions,   and   Slaty-Cjliavaqb.* 

By  Charles  Ricketts,  M.D.,  F.G.S. 

IT  was  contended  in  a  previous  communication*  that  all  valleys 
have  been  formed  by  sub-aerial  agencies  alone,  and  that  the  dis- 
integrated materials,  being  carried  seaward  by  the  rivers  traversing 
them,  have  accumulated  to  immense  thicknesses  in  what  had  been 
formerly  a  continuation  of  these  valleys,  and  have,  by  their  weight, 

^  An  Abstract  of  a  paper  read  before  the  Liverpool  Geological  Society  at  the 
President's  Address  for  the  Sessiou  1872-73. 

'  '*  On  Subsidence  as  the  Effect  of  Accumulation,"  Geolooical  Maqazins,  1872. 
Vol.  IX.,  p.  119. 
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atiifled  progreamYe  sabsidenoe,  and  so  have  formed  bays  and  to  some 
stent  deltas  at  and  near  their  mouths. 

As  a  oonsequence  of  subsidence  in  one  place,  there  must  of 
necessity  be  elevation  in  another.  Elevation  would  also  result  from 
the  removal  of  pressure.  The  subject  was  then  alluded  to  only  for 
the  purpose  of  accounting  for  the  partial  emergence  of  the  land, 
ipon  the  melting  of  the  snow  which  covered  its  surface  during  the 
Glacial  period ;  but  it  continually  happens  that  those  strata  which 
ire  physically  highest  above  the  sea-level,  are  geologically  the 
lowest  in  the  series,  the  greatest  amount  of  upheaval  occurring 
nrhere  denudation  has  taken  place  to  the  greatest  extent 

These  innumerable  evidences  of  changes  of  level  occur  in  all  parts 
>f  the  globe;  they  date  from  the  earliest  period  registered  in  the 
^logical  record,  and  extend  down  to  the  present  time.  Their 
)ocurrence  cimnot  be  so  general,  or  their  progress  so  continuous  and 
^jadual,  if  the  interior  of  the  earth  is  not  to  a  certain  extent  in  a 
state  of  fluidity,  and  covered  with  what,  compared  with  the  whole 
mass,  must  be  a  thin  crust 

It  is  very  generally  conceded  that  **  the  effect  of  elevatory  force 
by  raising  Uie  mass  under  which  it  acts,  would  place  the  strata  in  a 
itate  of  extension,  and  therefore  of  tension,"  which  continuing  will 
produce  fissures  even  so  as  to  extend  through  the  whole  thickness  of 
^e  earth's  crust.  To  fractures  thus  induced  the  volcanos  of  the 
indes  may  be  attributed.  But  a  similar  result  has  not  so  frequently 
l)een  ascribed  to  the  effect  of  subsidence,  though  tension  and  exten- 
sion, and  therefore  fissures,  must  occur  under  such  circumstances, 
X)mmencing  from  a  depth  coinciding  with  that  of  the  chord  of  the 
urc  of  the  earth's  drcumference  included  within  the  subsiding  area, 
rhat  such  fissures  do  occur  in  areas  which  are  those  of  depression  is 
proved  by  volcanos  being  frequently  situated  in  localities  known  to 
)e  subsiding,  and  the  presence  of  Trappean  rocks  is  very  frequent  in 
he  Palaeozoic  formations  of  Britain  interstratified  with  sedimentary 
leposits ;  they  were  at  their  respective  periods  erupted,  and  poured 
'orth  either  as  volcanic  ash  or  lava-flows  in  areas  which  were  not 
mly  subaqueous  but ,  also  subsiding,  as  is  proved  by  the  large 
imount  of  subsequent  accumulations. 

An  examination  of  Trappean  dykes  tends  to  prove  that  the  molten 
•ock  *'  has  been  forced  up  through  previously  formed  fissures  to  a 
certain  height,"  in  its  passage  baking  but  not  disturbing  the  rocks 
wrhich  form  the  walls  of  the  fissures.  Lava  can  only  proceed  so  far 
IS  the  fracture  extends,  and,  as  in  subsiding  areas  there  must  be 
X)mpression  of  the  upper  strata,  it  can  only  make  its  way  upwards, 
is  such,  so  far  as  the  chord  of  the  arc  before  referred  to.  The  only 
nanner  by  which  I  can  suppose  the  vent  to  be  formed  in  such  a 
jase  is  by  water,  on  obtaining  access  at  a  greater  or  less  depth  to  the 
ncandescent  lava  contained  in  the  fissures,  exploding,  and  carrying 
iway  the  superficial  strata ;  for  it  frequently  happens  that  in  what 
n  all  probability  are  the  pipes  of  volcanos  passing  through  con- 
»mporaneous  strata,  there  is  no  appearance  of  fracture  or  fault  ex- 
»nding  to  a  distance  into  the  sedimentary  rocks.     This  coincidfts 
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also  with  the  general  seqnenoe  given  of  yoloanio  pbenomoia,  wliidi 
more  frequently  commence  with  an  explosion  of  steam  and  gases, 
carrying  upwards  immense  quantities  of  sooriaa  and  ashes,  and  not 
unfrequently  blowing  ofif  the  summits  of  cones  formed  by  previouB 
eruptions.  Such  explosions  may  be  compared  to  those  induoed  by 
water  obtaining  access  to  metal  molten  in  a  crucible,  and  the  effects 
are  very  similar.  This  state,  after  continuing  for  a  time,  is  followed 
by  streams  of  lava,  which  ''well  out,  sometimes  almost  with  the 
tranquillity  of  a  water  spring,  from  the  same  or  contiguous  openings." 

Most  remarkable  has  been  the  intrusion  of  lava  between  beds. 
However  powerful  the  force  which  has  produced  this  effect,  there  is 
in  innumerable  instances  no  indication  of  violence.  Belts  of  Oreen- 
stene  and  Basalt  have  been  frequentiy  insinuated  between  the  strata, 
so  exactly  in  the  direction  of  tiie  bedding,  that  were  those  situated 
above  not  altered  by  heat  as  well  as  those  below,  it  would  be  with 
great  difficulty  determined  that  they  were  intruded,  and  not  inter- 
stratified. 

There  is  much  proof  of  a  local  connexion  between  voloanos  and 
earthquakes ;  the  former  being  generally  preceded  and  aooompanied 
by  the  latter.  Earthquake-shocks  are  far  from  being  confined  to  the 
neighbourhood  of  volcanos.^  They  appear  to  be  prevalent  in  locali- 
ties which  there  is  reason  to  conclude  are  areas  of  elevation  or  else 
of  depression.  In  endeavouring  to  account  for  their  production, 
those  who  have  paid  most  attention  to  the  phenomena  accompanying 
them  appear  entirely  to  overlook  the  geological  changes  produced 
by  faults,  each  of  which  must  be  a  register  of  at  least  one,  and  most, 
in  all  probability,  record  a  succession  of  earthquake-shocks. 

Previous  to  a  fault  being  formed,  a  fissure  must  have  taken  place 
in  the  crust  of  the  earth,  and  have  progressed  so  as  to  cause  a  greater 
or  less  interval  between  the  sides  of  the  fissure.  This  will  occur 
either  upon  depression  or  elevation  of  the  surface,  increasing  as  the 
depression  or  elevation  becomes  greater.  Should  there  be  a  stratum 
so  far  unconsolidated  that  (as  the  rocks  have  lost  their  lateral  sup- 
port by  the  separation  of  the  sides  of  the  fissure),  it  cannot  support 
the  pressure  of  the  overlying  beds,  the  result  must  be  that  wedge- 
shaped  masses  will  separate  and  fall  or  slip  downwards,  in  a 
manner  similar  to  what  occurs  to  a  block  of  masonry,  however  solid, 
if  its  foundations  are  undermined  ;  or  in  the  same  mshiner  as  that  of 
landslips  along  our  coasts,  only  that  in  faults  the  wedge-like  mass 
is  checked  when  it  comes  in  contact  with  the  opposite  side  of  the 
fissure,  causing  that  thud  or  blow  which  occasions  the  vibration  of 
the  earth's  surface,  and  constitutes  the  earthquake. 

Few,  if  any,  will  now  believe  that  any  great  faulte  are  the  result 
of  one  single  movement,  but  that  they  are  rather  to  be  attributed  to 
a  long  succession  of  displacements;  and  it  is  likely  that  some  do 
not,  through  their  whole  extent,  belong  to  the  same  geological  era. 
Faults  not  unfrequently  have  caused  enormous  dislocations  of  the 
strata ;  in  North  Wales  to  the  extent  "  of  2,000,  5,000,  or  even 
12,000  feet"    Immense  wedge-shaped  masses,  such  as  in  these  cases 

^  See  Scrope,  **  Volcanos,"  p.  8. 
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have  fallen  downwards  and  filled  up  what  would  otherwise  be  ex- 
tensive chasms  in  the  earth's  crust,  have  increased  to  some  extent 
the  superficies  of  its  surface. 

The  displacement  or  downthrow  which  occurs  on  the  formation  of 
a  fault  is  simply  a  falling  or  slipping  downwards  of  separated  rock* 
masses  along  planes  of  fracture ;  it  is  evident  that  by  such  move- 
ment the  strata  cannot  become  bent  or  contorted,  nor  can  the 
original  direction  of  the  dip  be  altered,  for  the  mass  is  prevented 
from  tilting  over  in  consequence  of  the  impulse  being  checked  by 
the  opposite  wall  of  the  fissure. 

Slickensides  are  frequently  met  with  in  connexion  with  faults, 
and  indicate  the  direction  of  some  movement  which  has  taken  place. 
They  may  sometimes  have  been  caused  by  the  friction  induced  on 
the  occurrence  of  a  fault,  but  in  such  a  case  the  striations  could  only 
have  a  direction  downwards  along  the  hade  of  the  fault.  Such  is 
the  direction  of  the  marks  in  the  principal  or  north  and  south  faults, 
of  this  district  (the  neighbourhood  of  Liverpool) ;  but  as  the  strata 
have  been  subsequently  exposed  to  compression  at  right-angles  to 
these  fiaults,  it  is  to  the  latter  circumstance  their  presence  must  be 
attributed,  for  the  action  of  the  second  movement  would  obliterate 
the  e£fects  of  the  first  In  those  faults  having  an  .east  and  west 
direction,  or  nearly  approaching  it,  the  striations  are  sometimes 
nearly  horizontal ;  in  others,  and  more  frequently,  more  or  less 
oblique,  and  seem  to  indicate  that  in  the  one  case  there  has  been  a 
lateral  movement,  in  the  other  that,  in  addition  to  this,  there  has 
been  at  the  same  time  an  amount  of  upward  pressure.  As  the  lateral 
pressure  by  which  these  Triassic  rocks  have  been  acted  on  has  been 
in  an  east  and  west  direction,  the  tendency  would  be,  in  the 
instances  referred  to,  to  compress  into  a  less  lateral  compass  the 
slightly  consolidated  beds  of  the  Upper  Bunter  Sandstone,  and,  by 
causing  a  re-arrangement  of  the  particles  of  which  they  consist,  or 
by  inducing  foldings  in  the  beds,  occasion  some  amount  of  elevation 
of  the  superincumbent  strata,  and  the  movement  thus  produced 
would  cause  that  friction  along  the  sides  of  faults  which  has  rendered 
their  surfaces  polished  and  striated. 

The  opinion  of  Sir  James  Hall,  illustrated  by  him  in  1813,  that 
contortions  and  flexures  of  stratified  rocks  have  been  the  result  of 
lateral  compression,  forcing  the  strata  more  closely  together  laterally, 
but  elongating  and  making  them  to  rise  upwards  in  a  direction 
perpendicular  to  the  pressure,  is  generally  accepted.  The  principle 
is  even  admitted  by  those  who  attribute  these  foldings  to  the  effect 
of  upheaval  alone;  but  "that  would  stretch  instead  of  crumpling 
the  surface,"  and  therefore  contortions  under  such  circumstances 
would  be  impossible. 

The  researches  of  Sedgwick,  and  of  Phillips,  of  Sharpe,  Sorby 
and  Tyndall,  have  successively  demonstrated  that  cleavage  differs 
essentially  from  stratification,  being  the  result  of  a  change  in  the 
structure  of  sedimentary  rocks ;  due  to  mechanical  causes ;  and  that 
it  has  been  induced  by  pressure  of  the  mass  in  a  direction  perpen- 
dicular to  the  planes  of  cleavage. 
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Observation  thus  proTos  that  changes  in  the  dip  of  straiay  contor- 
tions, and  cleavage,  have  been  induced  by  lateral  pressure,  often 
propagated  in  the  same  direction  over  extensive  areas,  and  in  innu- 
merable instances  the  same  force  has  caused  both  the  contortion  and 
cleavage. 

Sir  Charles  Lyell,  in  1850,  suggested  that  to  some  extent  flexures 
might  be  caused  by  the  subsidence  of  mountainous  masses  beneath  the 
floor  of  the  ocean,  which,  sinking  for  miles  vertically,  must  occasion- 
ally be  forced  to  pack  themselves  into  smaller  spaces  than  they 
previously  occupied.^  Depression  must  necessarily  cause  compres- 
sion of  the  subsiding  portion,  until  a  certain  depth  is  reached,  but  as 
it  acts  in  every  direction,  the  contortions  must  be  irregular,  unless 
there  exists  some  cause  to  give  that  definite  tendency  which  they  so 
frequently  assume.  The  chief  causes  capable  of  producing  this 
effect  appear  to  be  valleys  and  faults. 

Yalleys  at  their  seaward  extremities  become  gradually  snbmeiged 
and  filled  up  with  sedimentary  matter  brought  down  by  rivers.  If 
this  depression  continues,  compression  must  be  induced,  and  the  un- 
consolidated material,  confined  as  it  were  between  walls  of  hard 
rock,  would  have  the  direction  of  the  pressure  applied  to  it 
determined  by  that  of  ancient  submerged  and  filled-up  valleys. 
Therefore  the  hollows  and  ridges  of  the  contortions  would  extend 
parallel  to  the  course  of  the  valley ;  the  flexures  being  greater  near 
the  sides,  in  consequence  of  the  resistance  afforded  by  the  harder 
rock.  The  greatly  contorted  Silurian  strata  to  the  west  of  the 
Malvems  may  be  cited  as  an  example. 

As  cleavage  is  dependent  on  similar  pressure,  so  likewise  it 
would  be  induced  under  the  same  circumstances  if  the  conditions 
are  favourable.  To  such  an  origin  I  would  attribute  the  cleavage 
as  well  as  the  contortions  of  the  Wenlock  rocks,  at  a  distance  of  four 
miles  to  the  north  and  the  same  to  the  south  of  Llangollen ;  these 
strata  appear  to  be  a  deposit  in  a  pre-Wenlock  valley. 

The  presence  of  dykes,  or  other  masses  of  intrusive  volcanic  rock, 
by  forming  points  of  resistance,  have,  upon  the  occurrence  of  similar 
changes  of  level,  also  influenced  the  formation  of  contortions. 

A  more  powerful  agent  in  influencing  the  degree  and  direction  of 
pressure  is  the  occurrence  of  faults ;  and  it  is  generally  recognized 
that  their  presence  has  **  an  intimate  connexion  with  those  foldings 
which  constitute  anticlinal  and  synclinal  axes."  But  their  forma- 
tion must  be  attributed  to  a  difiVrent  movement  from  that  by  which 
faults  have  been  produced.  The  wedge-shaped  masses,  which  have 
fallen  down  on  the  formation  of  faulta,  have  by  so  much  enlarged 
the  area  they  occupy,  as  the  width  of  the  angular  portion  is  increased 
from  the  original  width  at  any  point  previous  to  the  dislocation; 
but  there  would  be  no  difference,  or  very  little,  in  the  angle  at 
which  the  depressed  jiortion  lies  from  that  which  it  previously 
occupied. 

As  the  space  occupied  bj  the  occarrence  of  faults,  whether  they 

^  Presidential  Address,  Quart.  Joum.  Oeol.  Soc.«  toI.  vi.,  p.  IIt. 
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result  irom  depression  or  from  upheaval,  is  larger  than  it  was 
originally,  upon  a  change  4x>  upheaval  or  depression,  as  the  case 
may  be,  the  strata  must  be  compressed  into  a  smaller  compass,  and 
therefore  foldings  and  contortions  will  be  induced,  the  general 
direction  lengthwise  -  being  the  same  as  that  of  the  faults.  This 
same  action  would  originate  cleavage,  but  not  in  any  beds  which 
have  been  elevated  above  the  sea-level,  as,  in  conseqiience  of  the 
drainage  of  the  water  they  contain,  such  consolidation  would  take 
place  that  the  necessary  movements  amongst  their  constituent 
particles  would  be  rendered  impossible. 

This  method  of  accounting  for  the  production  of  contortions  was 
first  proposed  by  Prof.  Phillips  in  1848,^  and  was  afterwards,  but 
independently,  used  by  the  late  Prof.  Jukes,  to  account  for  the 
formation  of  certain  contortions  observed  by  him  in  the  Coal-strata 
of  Staflfordshire.' 

In  this  and  in  a  previous  communication  (Geol.  Mag.,  Vol.  IX., 
p.  119)  my  endeavour  has  been  to  prove  the  strict  interdependence 
of  geological  phenomena.  Change  cannot  take  place  in  one  direction 
without  causing  alteration  in  another.  Prolonged  and  almost  im- 
perceptible are  the  actions  that  have  produced  the  immense  amount 
of  denudation  on  the  earth's  surface ;  fully  as  slow  has  been  the  re- 
deposit  in  other  localities  of  the  debris  resulting  from  that  denuda- 
tion. The  most  enormous  contortions,  and  the  most  abrupt  bendings 
of  strata,  as  well  as  that  change  in  the  position  of  the  constituent 
particles  by  which  slaty  cleavage  has  been  induced,  have  occurred 
in  the  most  gradual  manner.  They  have  been  effected  with  great 
power,  it  is  true,  but  without  violence.  I  believe  the  time  must 
shortly  arrive  when  it  will  be  generally  accepted  by  geologists  that 
**  the  most  gigantic  curvatures  of  strata  have  been  the  result  of  intense 
pressure  so  moderated  in  its  application  as  to  have  been  just  sufficient 
to  overcome  the  resistance  opposed  to  it,  and  that  this  motion  has 
been  as  insensible  as  the  unfolding  of  the  petals  of  a  flower."'  Even 
the  volcano  and  the  earthquake  must  be  removed  from  the  category 
of  cataclysms  and  convulsions.  With  more  probability  may  they  be 
considered  as  the  necessary  result  of  those  slow  and  imperceptible 
changes,  by  whose  accumalated  power  certain  physical  alterations 
have  been  made  in  the  earth's  crust.  In  conclusion,  I  must  express 
my  conviction  that  a  careful  examination  of  the  phenomena  under 
consideration  will  demonstrate  that  the  prime  mover  which  has 
produced  them  is  denudation,  with  its  consequent  deposition,  acting 
and  re-acting  on  the  crust  of  the  earth,  equally  balanced  on  its  fluid 
interior. 

*  Memoirs  of  the  Geological  Survey,  toI.  iL    Geology  of  the  Malvern  Hills,  p.  142. 

'  Student's  Manual  of  Geology,  chap.  xiii. 

3  Sir  C.  L^ell,  Presidential  Address,  1850,  Quart.  Jour.  Geol.  Soc,  vol  vi.,  p.  Iziii. 
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Y. — On  The  Jubassio  Foraminifera  of  Switzxblakd  :  ^  being  a 
Critical  Examination  of  tbe  Species  Desoribed  and  Figured  by 
MM.  Zwingli  and  Eiibler. 

By  Professor  T.  Rupbbt  Jonbb,  P.R.8.,  F.G.S., 
of  the  Royal  Military  and  Staff  Colleges;  Sandhurst. 

THESE  Foraminifera  were  obtained  from  fifteen  zones  of  the 
Jurassic  strata,  between  Solotbnm,  in  Switzerland,  and  the 
Eicbberg,  in  Baden :  three  Liassic  zones  (Black  or  Lower  Jora) ;  six 
in  the  Brown  or  Middle  Jura;  and  six  in  the  White  or  Upper 
Jura;  beginning  with  the  Turneri-zone  of  tbe  Lower  Lias,  and 
ending  with  the  Pteraspis-zone  of  Scha£fbau8en.  Tbe  Numismalis- 
marl,  Amalthei-clay,  Murchisonse-bed,  Discoidei-marl,  CrenulariB- 
bed,  the  Coral-limestone,  and  the  Yirgulian  stage  yielded  few  or  no 
traces  of  Foraminifera, 

Tlie  descriptions  and  figures  of  what  Dr.  Eiibler  determines  as 
153  species  have  had  much  care  bestowed  on  them ;  but  the  artificial 
classification  (D'Orbigny's),  and  a  want  of  rigid  comparison  and  dis- 
crimination of  specific  forms,  betoken  an  imperfect  knowledge  of 
Foraminifera  and  a  very  limited  appreciation  of  the  wotks  of  pre- 
vious observers  (although  some  are  mentioned), — such  as  F.  A.  Bomer 
(1836),  D'Archiac  (1843),  Buvignier  (1862),  Bomemann  (1864), 
Terquem  (1858  to  1870),  Gumbel  (1862),  Brady  (1867),  Scbwager 
(1867),  besides  D'Orbigny  and  Strickland,  who  have  treated  of 
Jurassic  Foraminifera ;  for  species  and  varieties  already  figured  and 
named  are  in  this  work  re-named  again  and  again. 

A  still  larger  field  for  comparison  is  to  be  found  by  taking  into  view 
the  very  similar  Microzoa  obtained  from  the  Rhcetic  and  Triassic 
formations,  and  figured  by  Jones  and  Parker  (1860),  Giimbel  (1861, 
1869),  Schwager  (1864,  1870),  and  Reuss  (1866,  1867,  1868). 

The  Swiss  specimens  are  mostly  figured  as  transparent  or  sub- 
transparent  objects,  with  transmitted  light;  the  opaque  (porcel- 
lanuiis  and  arenaceous)  species  are  therefore  among  those  that  have 
perspective  figures,  excepting  when  they  are  sufficiently  thin,  as 
some  Miliola  and  Comuapiraj  to  be  subtranslucent 

Hesitating  to  labour  through  the  very  numerous  figured  varieties 
of  Jurassic  Foraminifera  industriously  embalmed  in  the  plates  of 
this  work  and  those  of  the  authors  above  mentioned,  for  the  purpose 
of  reducing  them  to  their  really  few  species,  it  is  proposed  in  this 
instance  to  indicate  broadly  the  foraminiferal  fauna  of  each  stage,  as 
detailed  by  Dr.  Eiibler,  and  to  offer  some  remarks  on  the  more 
striking  features,  and  on  the  more  interesting  figures.  The  names 
assigned  to  the  figured  forms  are  generally  of  very  little  worth ;  the 
generic  appellations  in  many  cases  will  have  to  be  corrected ;  but 
we  shall  rarely  trouble  to  correct  the  trivial  name ;  for,  besides  the 
twenty  acknowledged  recurrent  forms,  numerous  individuals  of 
evidently  the  same  species,  and  even  of  the  same  variety,  bave  been 
endowed  with  new  names. 

The  generic  and  quasi-generic  groups  will  indicate  the  relative 

^  Die  Foraminiferen  dcs  Schwcizerischen  Jura,  etc.  By  the  late  Pastor  H. 
ZwingU  and  Dr.  J.  EuUer.  4to.  pp.  49,  with  179  lithographic  figures  in  4  Platei. 
{Winterthur,  1870.) 
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proportion  of  special  forms  in  each  of  the  stages  treated  of»  the 
namesy  on  which  the  ntunhers  will  he  founded,  being  here  rarely 
little  more  than  indicative  of  individuals,  or  at  most  of  sub-varieties. 
The  figures  themselves,  having  been  carefully  drawn,  are  useful 
as  a  collection  of  specimens,  ready  at  hand,  exhibiting  shades  of 
difference,  as  well  as  the  general  fades  of  the  several  foraminiferal 
iami8B,  such  as  can  scarcely  be  shown  in  words. 

1.  The  Lias :  Black  Jura. — A.  The  Lower  Lias.  Tumeri-claj  of 
the  Schambelen,  Canton  Aargau;  immediately  above  the  Arietes- 
limestone,  0  of  Quenstedt.    Pp.  6-7 ;  pi.  1,  i.,  figs.  1-18. 

Nodosariae  3;  VaginulinsB  5;  FrondicnlarisB  5;  CristellariaB  3; 
Teztilaria  1 ;  Biloculina  1.  The  NodoBarina  (figs.  1-16)  are 
varieties  of  N.  rctdievla  and  other  common  species  (or  varieties), 
already  well  known.  The  gradational  stages  from  the  subcylindri- 
cal,  costate,  and  limbate  Nodosaria  to  its  flattened  Frondicularian 
form,  are  clearly  seen  in  figs.  2,  11,  and  9.  Text  prodomus  (fig.  17) 
is  a  common  variety  of  the  "  Sagittula  "  groap.  Biloc.  liasica  (fig. 
18)  wants  definition,  but  may  well  be  a  Biloculine  Miliola. 

B.  Middle  Lias.  The  Numismalis-marl  of  Frick  yielded  nothing. 
C.  Upper  Lias:  Toaroian.  1.  Posidonia-shale ;  e  of  Quenstedt. 
From  the  Commune  of  Klingau,  S.W.  of  Zurich,  Canton  Aargau; 
and  from  near  Schleitheim,  Canton  Schaffhausen.  Pp.  8,  9 ;  pi.  1, 
ii.,  figs.  1-6. 

Frondicularia  1;  Yaginulina  1;  CristellariaB  4.  Common  and 
well-known  feeble  forms,  not  requiring  new  names. 

2.  Jurensis-marl  (immediately  above  the  Posidonia-shale) ;  ^  of 
Quenstedt     From  Vetznau.     Pp.  10-12 ;  pi.  1,  iii.,  figs.  1-12. 

Nodosaria  1 ;  Frondicularia  1 ;  Cristellarise  7 ;  Flabellina  1 ; 
Ophthalmidium  1.  Figs.  1-10  are  well-known  Nodosarina,  al- 
T&udj  named ;  among  them  figs.  3-10  show  the  passages  from 
CriiieUaria  to  Flabellina.  Ophthal.  liasicum  (fig.  11)  is  the  central 
Comuspiral  or  Adelosine  commencement  of  a  Afi/ioZa.^  A  Chirodota 
(fig.  12)  is  recognized  in  the  text  as  belonging  to  an  Echinoderm. 

XL  Middle  or  Brown  Jura :  Dogger.  A.  Bajocian :  Aalen-series : 
Lower  Brown  Jura.  a.  Opalinus-clay  of  the  Schambelen :  and  a  of 
Quenstedt:  immediately  above  the  Radians-bed.  h,  Opalinus-clay 
of  Vetznau.     Pp.  13-15 ;  pi.  2,  i.,  figs.  1-7. 

Cenchridium  1 ;  Lagena  1 ;  Comuspira  1 ;  Frondicularias  2 ;  Den- 
talina  1 ;  Cristellaria  1 ;  Ophthalmidium  1. 

Cenchr.  Aargovense  (fig.  1)  and  Lagena  Aargovensis  (fig.  2)  are 
the  long  and  the  short  varieties  of  Lagena  glohosa.  Comusp.  Mel- 
vetica  (Gg.  3j  is  a  very  interesting  example  of  Spirillina.  Figs.  4-6 
{Nadosarinai)  were  not  worth  naming  anew ;  indeed  fig.  5  is  equal 
to  fig.  2,  i.,  pi.  1.  Fig.  7  {Oph.  porosum)  is  a  Spiroloculine  Miliola, 
probably  jpajkj^a^c,  although  described  as  being |?oro«e  (see  further  on). 

tf.  Blagdeni-bed,  immediately  above  the  Humphresianus-bed,  but 
below  the  main  oolite  of  the  Middle  Brown  Jura :  B  of  Quenstedt. 
From  the  Vetznau.  Pp.  15-17;  pi.  2,  ii.,  figs.  1-12.  Nodosarifle 
3 ;  FrondiculariaB  3 ;  Marginulina  1 ;  Cristellariae  2 ;  Flabellina  1 ; 
Ophthalmidium  1. 

1  See  further  on  in  the  notice  of  the  "  Appendix.'* 
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Figs.  1-10  are  already  named  Nbdo$aritus  (fig.  10  is  intermediate 
to  figs.  9  and  10,  iiL,  pi.  1) ;  figs.  11  and  12  {Oph,  earinahm)  repie* 
aent  a  Spiroloonline  MUiola, 

B.  Bathonian:  Middle  Brown  Jura.  Parkinaoni-olayB :  e  of 
Quenatedt  a.  From  Fuetzen,  Baden,  h.  From  Baigen,  Canton 
Sohaffhanaen.    Pp.  17-19 ;  pi.  2,  iii.,  figs.  1-11. 

Lagena  1 ;  Comuspina  8 ;  NodoaarisB  2 ;  Vaginnlin»  2 ;  Griatel- 
larisB  4;  Ophthalmidium  1. 

Lagena  ParJoinaoni  (fig.  1)  is  Z.  globoBO.  Cormupira  Mckhergenn% 
(fig.  2)  is  a  SpiriUina,  possibly  the  same  as  fig.  3,  L,  pL  2.  Figi. 
8  and  4  (Cbrntiap.  eUipiica  et  gradUs)  appear  to  be  yarietieSy  orbica- 
lar  and  elliptioiu,  of  Troehammina  tncerto,  thoogh  gradUs  is  said  to 
be  transparent  Figs.  5-9  are  oommon  well-known  NbdoBar%%m. 
Figs.  10  and  11  {Oph.  Okeni)  are  Spiroloonline  MUioUb. 

0.  CalloYian :  Eelloway  gronp :  Upper  Brown  Junt  a  Lower 
division.  Maorooephalus-bed,  from  the  Eiohberg,  near  Achdorf, 
Baden.  Pp.  19-21 ;  pi.  2,  iv.,  figs.  1-14.  Lagena  1 ;  Comuspire 
2 ;  YaginulinsB  8 :  FrondioularisB  2 ;  OristellarisB  8 ;  Nonionina  1. 

Fig.  1  {Lag,  minutiBstma)  is  the  oommon  little  L.  globoaa,  I^g.  2 
seems  to  be  a  SpiriUina  from  the  description  (colonrleas,  trans- 
parent) ;  bat  it  may  prove  to  be  a  Comuspira.  The  other  so-called 
Comu9pira  will  be  a  Troehammina,  if  its  oorrelation  with  the  fore- 
going C.  eUtpttca  be  correctly  indicated.  Figs.  8-18  are  Tarioos 
common  Nodosarina,  xmnecessarily  named  afresh.  Fig.  14  is  not  a 
Nonionina,  but  probably  a  Flanarhvlina. 

h,  Omati-clay :  Upper  division  of  the  Callovian  stage :  (^  of  Quen- 
stedt.     Pp.  21-23 ;  pi.  2,  v.,  figs.  1-7. 

Lagena  1 ;  Cornuspira  1 ;  Dentalina  1 ;  Frondicolaria'  1 ;  Cris- 
tellaria  1 ;  Flabellina  1 ;  Ophthalmidia  8. 

Comnap,  Biedermanni  (fig.  1)  is  probably  a  true  Cornuspira.^  The 
NodosarincB  (figs.  2-5)  aid  not  require  new  names.  Fig.  6  {Opk, 
earinatum)  is  a  Spiroloculine,  and  fig.  7  {Oph,  mtdtiplex)  a  Quin- 
queloculine  Miliola, 

in.  Upper  or  White  Jura.     A.  Lower  White  Jura :  Oxfordian. 

1.  Birmenstorf-bed :  Transversarius-zone  (Oppel).  a.  From  the 
Bebberg  of  Birmenstorf,  Baden,  h.  From  the  Eichberg.  Pp. 
24-33 ;  pi.  3,  figs.  1-50. 

Lagena  1 ;  Comuspirse  8 ;  Frondiculariae  2 ;  Nodosariaa  8  ;  Denta- 
linoB  3 ;  VaginulinaB  9 ;  Marginulinse  5 ;  CristellarisB  12 ;  Bobnlina, 
1 ;  Nonionina  1 ;  Globulina  1 ;  Vulvulinas  3 ;  Textilariae  2 ;  Ophthal- 
midia, 6. 

Fig.  1  {Lagena  Helvetica)  is  L,  IcBvie.  Comusp,  Eichhergensii 
(fig.  2)  and  C.  concava  (fig.  3)  are  orbicular  and  elliptical  indi- 
viduals of  Troehammina  incerta;  C,  gradlia  is  also  mentioned, 
which,  according  to  its  figure  (pi.  2,  iii.,  fig.  4),  appears  to  be  a 
Troehammina,  although  it  is  said  to  be  transparent  (the  thick  edge, 
however,  is  duller  and  yellow,  p.  17).  Figs.  4-38  are  varioofl 
NbdosarincBy  each  of  which  falls  under  some  well-known  name  or 
another.  Nodosaria  radictda  and  Dentalina  communis  respectiYely 
^  See  further  on,  where  the  Appendix  on  Camutpira  and  Ophthalmidium  ii  notioed. 
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mprise  several  of  them.  Figa.  jS,  7,  and  8  are  carious  extremes  of 
e  moniliform  NodosaruB  \N.  pyrida,  etc.).  Figs.  20  and  20a  show 
I  extremely  simple  form  of  CristeUaria,  near  to  Plantdaria  path 
rata.  Fig.  22  has  its  analogue  in  the  Chalk ;  and,  indeed,  all  are 
mmon,  widespread,  and  persistent  varieties.  The  relatively  large 
r.  33  is  CristeUaria  {Planvlaria)  crepidtdek. 

Fig.  39  {Nanumina  Birmensior/ensis)  is  probably  a  Pianorbtdind. 
igs.  40  and  40a  (Olobtdina  Helvetica)  are  Polymorphina  Uasica, 
rickland,  and  an  approximate  variety.  Fig.  41  (Vtdvmina  fardiHen) 
a  Virgtdina,  having  the  early  chambers  heaped.  Figs.  42  and  43 
^tt/r.  minutissima  and  F.  Mchbergensis)  are  loose-grown  pouting 
ixtilaricB  ;  and  43a  appears  to  be  a  Textilaria  of  the  same  habit  of 
owth,  but  with  the  n(Minal  aperture.  Figs.  44-45a  are  Textilarim 
the  common  "  sagittula "  type ;  and  fig.  45a  has  the  not  un- 
mmon  spiral  oommencement,  which  gave  rise  to  the  quasi-generic 
ime  "  Spiroplecta."  Fig.  46  {Ophth.  Birmenstorfense)  is  a  Spiro- 
culine  Miliola;  47-^9  {Ophth,  gracile,  medium,  et  auris}  are  Quin- 
leloculine;  and  50  (Ophth.  comuspiroides)  represents  the  early 
lambers  of  a  similar  Jlfi7to2a.  A  Chirota  is  also  figured. 
2.  Effing-beds;  Impressa-clays  {Terebratula  impressa)  of  Quen<r 
edt.  From  the  Eichberg,  Grand  Buchy  of  Baden;  Siblingen, 
mton  Schaffhausen ;  and  Baden,  Canton  Aargau.  Pp.  33-36; 
.  4,  i.,  figs.  1-17.  Lagena  1;  Comuspiraa  5;  Frondicularia  1; 
entalina  1 ;  Vaginulinee  2 ;  CristellariaB  6 ;  Eotalina  1 ;  Botalia  1 ; 
lobulina  1 ;  Vulvulinae  2 ;  Textilariee  2. 

The  Lagena  is  L.  IcBvis,  Of  the  "  Comuspirse,"  figs.  2-4  represent 
rochammina  incertay  and  figs.  4a  and  46  show  passages  from  the 
me  towards  Tr.  gordialis.  The  NodosariwB  (figs.  5-13)  are 
•mmon,  well-known,  variable  forms,  which  have  been  named  again 
id  again. 

Fig.  14  (Botalina  Badensis)  may  possibly  be  a  PlanarhvUina  ;  but 
r  more  probably  it  is  a  rotaline  Utuola  (jEndothyra).  Fig.  15 
lotalia  Siblingennis)  is  not  a  Eatalia,  but  probably  a  IHanorbulina. 
he  Globidina  is  Polymorphina  Uasica, 

Figs.  16-17a  {Vtdvfdincs  and  Textilarics)  are  well-known  Texti- 
rim,  occurring  at  many  other  horizons,  and  already  named  more 
an  once. 

B.  Middle  White  Jura:  Corallian  stage:  Geissberg-beds  (with 
id  without  Nulliporites  *),  Baden,  Canton  Aargau.  Pp.  36-37; 
..  4.  ii.,  figs.  1-3. 

Comuspira  1 ;  VaginulinaB  fragments ;  CristeUaria  1 ;  Robulina 
;  Nonionina  1 ;  Ophthalinidia,  fragments. 

The  "Comuspira"  is  a  Trochammina  (see  pi.  3,  fig.  2).  The 
odosarina  have  been  previously  named  and  re-named.  The  "Nonio- 
ina  "  is  the  same  as  pi.  3,  fig.  39,  and  probably  pL  2,  iv.,  fig.  14, 
id  should  be  classed  with  Planorbtdina,  being  not  far  removed 
om  PI.  ammonoides, 

C.  Upper  White  Jura :  Eimmeridgian  stage.  1.  Astartian  forma- 
pn,  Kcidersdorf,  Canton  Solothum.     Pp.  37-38 ;  pi.  4,  iii.,  ^g,  1. 

Botalina   Moeschii   (fig.   1)   is  relatively  large,  andv  probably   a 

1  bee  Gbol.  Mao.,  No.  106,  p.  \Tl, 
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Planorhidina.  It  differs  from  fig.  15,  pL  4,  L»  in  Hs  greatar  number 
of  chambers,  and  in  its  septal  lines  being  eixavated  instead  of  being 
filled  up  with  shell-matter  (limbate). 

2.  Stromlnan  formation :  Baden-bed  of  the  Eastern  Tonnelwand 
of  Baden,  Canton  Aargau:  ^'7  alba"  of  Qnenstedt  Pp.  38-39; 
pL  4,  iv.,  figs.  1-10. 

Lagena  1 ;  ComuspiriB  5 ;  Dentedina  1 ;  CristeUarise  5 ;  Nonionixia, 
1 ;  Textilaria  1 ;  Ophthalmidia,  fragments. 

Lagena  Badensia  (fig.  1)  is  L.  lavis.  Cernuep.  EichbergeMM  (fig. 
2)  is  said  to  show  pores  when  magnified  400  diameters ;  if  so,  it  is 
a  SpiriUina  ;  but  its  habit  is  decidedly  that  of  a  TrockammiiMk.  (PL 
3,  fig.  2,  p.  24,  also  ''  (7.  MMergenaia,**  is  a  TroehanL  ineerta,  botli 
by  figure  and  description.)  C,  eUipUca  (fig.  3)  is  an  elliptioal  IV. 
tncerta.  Fig.  4  (C.  convexa,  yellowish-grey,  transparent;  pores 
doubtful)  appears  to  be  a  true  Comusptra,  or  a  Comuspiral  MiUola, 
very  thin.  The  "Nonionina,"  being  referred  to  pi.  4,  iL,  fig.  3, 
must  be  regarded  as  a  PlanorhvUna.  The  Hodosarina  (figs.  5-9)  do 
not  at  all  require  new  names. 

3.  Bhinefisdl-rock :  Steraspis-zone  (Oppel) :  "  S  alba "  of  Quen- 
stodt  (?).  Lohn  and  Bargen,  Oanton  Schaffhausen.  P.  40;  pL  4^ 
T.,  figs.  1-3. 

Gomuspira  1  (=:Trochamminaf)  ;  Yaginulinsd  2  (varieties  of  2>mi- 
tailina  communie) ;  Bobulina  1 ;  Textilaria  1 ;  Yulvnlina  1  {=zTextUana 
or  Virgulina  f).    ChirodotsB  are  also  mentioned,  and  one  is  figured. 

Appendix :  pp.  45-47 ;  pi.  4,  vi.,  figs.  1-5. 

Cornuapira  Bayonnenais  (fig.  1)  and  C  undtdata  (fig.  2),  from  the 
Tongrian  Tertiary  beds  of  Bayonne,  are  either  true  Comuepira 
or  young  Comuspiral  MilioloB,  Ophthalmtdium  iongricum  (figs.  3 
and  4),  from  Bayonne  and  Dalsberg,  and  Oph,  superbum  (fig.  5), 
from  Bayonne,  are  Miliolce;  the  former  Spiroloculind ;  the  latter 
Quinqueloculine,  probably  punctate  or  reticulate.  They  are  all 
represented  as  seen  with  transmitted  light,  like  the  majority  of  the 
specimens  figured  in  this  memoir. 

1.  Camtupira  is  here  described  as  having  both  porose  and  non- 
porose  species;  the  division  of  the  simply  spiral,  discoidal  Fora- 
minifera  into  Cornuapira,  Trochammina,  and  SpiriUina,  according  to 
structure  and  habit  of  shell,  not  being  known,  apparently,  to  Dr. 
Kiibler. 

2.  Ophthalmidium  (formerly  called  "  Octdina"  by  Zwingli  and 
Rubier)  is  defined  as  having  a  somewhat  Spiroloculine  growth,  but 
never  being  complanate,  always  attenuate  at  the  eiids,  and  always 
commencing  with  a  curved  subdisooidal  diamber.  It  may  seem 
convenient  to  recognize  this  as  a  modification  of  Miliola,  especially 
because  the  early  chamber  (or  rather  the  early  tubular,  continuoas, 
and  rarely  segmented  chambers)  of  such  forms  is  Comuspiral, — ^that 
is,  zoologically  equivalent  to  an  incipient  Cornuapira.  Indeed, 
when  separate,  such  specimens  cannot  be  distinguished  from  yoong 
or  arrested  individuals  of  that  genus,  which,  however,  in  its  fuU 
development  afieots  the  fiat  spiral  habit  of  growth,   as   MUiola 
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iffiscts  the  half-tam  enYelopment,  on  one,  two,  or  three  planes. 
rhe  Addoiina  of  lyOrbigiiy,  however,  is  jaet  this  young  state 
)f  MtUola,  oonstmoted  in  ihe  same  subdisooidal  form,  and  has 
[>een  recognized  as  the  general  type  of  yonng  MtlioUe,  The  sub- 
sequent pmn  of  growth  is  so  nrach  Taried  (wimin  certain  Knits)  as 
bo  give  room  perhaps  for  the  somewhat  convex  Spiroloculine  form 
indicated  by  *'  Ophinalmtdium"  though  not  of  special  value.  What 
la  of  more  importance  is  Dr.  Eiibler's  statement  as  to  the  paroeity  of 
lome  of  these  individuals,  such  as  pL  4,  v.,  fig.  5  (Oph.  tuperbum), 
md  pi.  2,  L,  fig.  7  (Oph,  poro^um).  Al^ougb  Dr.  JSubler  warmly 
ind  ccMiscientiously  avows  his  belief  that  these  are  not  merely 
nmctate  shells,  we  cannot  help  thinking  that  the  microscopic  ap- 
pearances, with  transmitted  light,  in  specimens  mounted  wi^ 
iirpentine  or  balsam,  have  deceived  him.  The  larger  perforations 
loticed  in  the  q)ecimens  appear  to  be  aocidaital,  and  not  in  anywise 
»8entiaL 

The  several  Foraminiferal  groups  above  treated  of  are  evidently 
nembers  of  one  fauna,  existing  through  the  Jurassic  period,  without 
indeigoing  any  great  modifications.  Indeed  the  same  fauna  is 
FuUy  recognizable  in  the  Triassic  strata.  The  Swiss  specimens 
onder  notice  comprise  Gomuspira ;  Miliola  (Biloculina,  Quinquelo- 
3nlina,  Spiroloculina)  ;  Trochammina ;  Ehdothyra  (?) ;  Nodosarina 
[Lagena,  Nodosaria,  Dentalina,  Yaginulina,  Marginulina,  Frondi- 
snlaria,  Flabellina,  Cristellaria,  Planularia)  ;  Polymorphiifa ;  Texti- 
laria ;  YirguHna  ;  Spirillina ;  Planorbulina. 

The  MiliolincB  appesu:  to  be  more  fully  represented  in  these  Jurassic 
beds  of  Switzerland  than  in  those  of  other  countries.  The  rotaline 
Lttuola  {**Bolalina  Badensia^^  or  Endothyra  (?),  of  the  Oxfordian  of 
Bffing,  is  interesting  (if  it  be  sandy,  as  we  presume),  being  of  the 
curious  series  of  arenaceous  Foraminifera  that  imitate  the  hyaline 
fonns,  and  among  which  the  Lagenoid,  Flabellinoid,  and  Marginu- 
linoid  IdtuolcB,  figured  by  Terquem,  from  the  Inferior  Oolite  (Parkin- 
aoni-bed),  are  well-marked  types. 

The  Nodosarina  are  abundantly  represented,  mostly  by  very 
simple,  feeble,  and  variable  forms,  as  is  usual  in  the  Triassic, 
RhsBtic,  and  Jurassic  strata. 

SpiriUina  Helvetica,  from  the  Middle  Brown  Jura  (Opalinus-clay 
and  Parkinsoni-clay  is  t^e  oldest  known  of  the  genus. 

The  Planorhulifug  comprise  three  species :  1»  One  near  PL 
ammonoidm  (**  Nonionina  oblong,a,^  "  N,  Birmenstorferma,*^  **^N, 
Badenensis  "),  from  the  Macrocephalus-bed  of  the  Lower  Callovian ; 
the  Oxfordian  of  Birmenstorf,  the  Corallian  of  Geissberg,  and  the 
Kinmieridgian  formation  at  Bcuien,  Aargau  i  2.  PL  Siblingensis  from 
the  Oxfordian  Impressa-clays  of  Effing :  and  3.  PL  Moeschi  from 
the  Astartian  formation  of  the  Eimmeridgian  stage  of  Bodersdorf. 

Mr.  W.  K.  Parker,  F.ILS.,  has  kindly  aided  me  in  forming  an 
opinion  on  several  difficult  points  in  the  study  of  Dr.  Kiibler's 
descriptions  and  illustrations  of  these  fossil  Foraminifera  of  Switzer- 
land. 
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DjEVOVBHIBX   AfiSOOIATlON  TOB  THB  AdVANODISIIT  OF  SOCKVOI. 

V0I.V.    Parti.    1872. 

THIS  volume  oontains  a  reoord  of  the  proceedings  which  took 
place  at  the  meeting  held  at  Exeter,  in  July,  1872,  with  the 
Bight  Bev.  the  Lord  Bishop  of  Exeter  as  President 

Mr.  P.  0.  Hutohinson  mentions  the  dredging  of  hones  and  teeth 
off  Sidmonthy  and  the  disoovery  of  a  toofh  in  the  bed  of  the  river 
Sid.  He  also  contributes  a  note  on  Iron  Pits,  which  were  originaUj 
sank  for  the  purpose  of  seeking  iron  ore.  In  Devonshire  they  occur 
mostly  on  the  hills  capped  by  the  Greensand  formation,  covered  in 
places  by  a  bed  of  plastic  clay  mixed  with  angular  flinte.  The  ore 
was  procured  on  the  hills,  and  the  reducing  process  no  doubt  carried 
on  in  the  valleys,  for  he  notices  the  occurrence  of  numerous  pieces 
of  scoria  in  the  parish  of  Uffculme,  indicating  that  there  had  been  a 
smelting  place  not  far  ofL  At  Churdi  Stanton,  in  the  Blabkdown 
Hills,  there  aro  the  remains  of  several  smelting  places,  indicated  by 
scorisB  and  &!&& 

Mr.  B.  N.  Worth  describes  the  rocks  in  the  neighbourhood  of 
Plymonih. 

Mr.  T,  Jli.  Hall  points  out  records  of  tide,  rain,  and  wind,  during 
the  Carboniferous  Period  in  North  Devon,  in  the  shape  of  ripple- 
marks,  and  the  imprints  of  rain-drops.  Some  little  depressions 
which  occurred  in  great  numbers,  and  over  moro  than  twenty 
distinct  surfaces  in  dose  proximity  to  each  other,  sometimes  sepa- 
rated by  a  number  of  intermediate  layers  of  smooth  slate,  he 
attributed  to  showers  of  drifting  sand,  the  finer  particles  of  which, 
borne  upon  the  wind,  had  fallen  upon  soft  mad.  Hus  idea  was 
strongly  supported  by  the  occasional  existence  in  some  of  the  de- 
pressions of  a  small  gritty  nucleus,  moro  or  less  angular  in  its 
character,  and  considerably  harder  than  the  matrix  in  which  it  was 
imbedded. 

Mr.  George  Pycroft  describes  probable  Glacial  d^osits  in  the 
valleys  of  Dawlish  and  Ashcombe,  South  Devon. 

Mr.  Pongelly  furnishes  some  notes  on  the  Xaehairodus  laUdens 
found  by  the  B^v.  J.  MacEnery  in  Kent's  Cavern,  Torquay.  He 
concludes  that  thero  is  no  reason  whatever  for  believing  that  more 
than  five  canines  and  one  incisor  were  found  by  Mr.  MacEnery;  and 
that  the  species  belonged  to  the  era  of  the  Cave-earth  of  Kent's 
Cavern.  There  is,  at  present,  no  evidence  that  it  belonged  to  the 
earlier  period  r^resented  by  the  ''Breccia";  and  Mr.  Pengelly 
adds,  that  should  such  evidence  present  itself  hereafter,  it  will  simply 
prove  that,  like  the  Cave  Bear,  machatredua  belonged  to  both  periods. 

Mr.  Pengelly  gives  an  account  of  the  Literaturo  of  the  Oreston 
Caverns,  near  Plymouth,  and  also  a  list  of  the  mammalian  remains 
found  in  them. 

Mr.  Whitaker  furnishes  a  Supplementary  List  of  Works  ott  tiie 
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Gkiology,  Mineralogy,  and  Paladontology  of  Devonshire,  oomprising 
one  hundred  and  fifteen  title& 

'  We  have  referred  only  to  the  geological  papers.  Many  others 
there  are  on  Natural  History,  Meteorology,  Arohceology,  etc.,  and 
also  a  very  elaborate  report  by  Mr.  Pengelly  on  the  Signs  of  the 
Hotels,  Taverns,  Inns,  Wine  and  Spirit  Vaults  and  Beershops  in 
Devonshire.  H.  B.  W. 


L — The  Depths  ov  ths  Ska.  An  Account  of  the  G^eral  Results 
of  the  Dredging  Cruises  of  n.M.  S.S.  "  Porcupine  "  and  ''  Light- 
ning," during  me  Summers  of  1868,  1869,  and  1870,  under  the 
scientific  direction  of  Dr.  Carpenter,  F.B.S.,  J.  Owyn  Jefireys, 
P.B.S.,  and  Dr.  Wyville  Thomson,  F.B.S.  By  C.  Wyvilm 
Thomson,  LL.D.,  i^.B.SS.  L.  &  K,  Begins  Professor  of  Natural 
History  in  the  University  of  Edinburgh.  With  numerous  lUus- 
trations  and  Maps.  Boyal  8vo.  pp.  528.  (London,  1873 : 
Macmillan  &  Co.) 

EYEB  since  those  early  days  of  modem  Natural  History  when  the 
youthful  and  ardent  Professor  Edward  Forbes  firsC  commenced 
the  systematic  study  of  the  marine  zoology  of  our  islands,  British 
Naturalists  have  been  among  the  foremost  to  cany  on  the  task  of 
working  out  the  distribution  of  life  in  the  sea,  not  only  around  our 
own  shores,  but  along  many  foreign  coasts.  The.  names  of  Darwin, 
MaoAndrew,  Barlee,  Carpenter,  Gwyn  Jeffreys,  William  Thompson, 
Robert  Ball,  Captain  Spratt,  Woodward,  Barrett,  Grodwin-Austen, 
and  that  of  the  author  of  the  present  volume,  besides  those  of  many 
other  eminent  Naturalists,  may  be  cited,  who  have  pursued  this  same 
line  of  research. 

One  of  the  general  conclusions  arrived  at  by  Prof.  Forbes,  Sars, 
Andouin,  and  Milue-Edwards  was  that  the  sea-bed  is  divided  into 
four  principal  regions,  namely: — 1.  The  Littoral  zone  or  tract 
between  tide-marks.  2.  The  Laminarian  zone,  from  low  water  to 
15  fathoms.  8.  The  Coralline  zone,  from  15  to  50  fathoms.  4.  The 
deep-sea  Coral-zone,  from  50  to  100  fathoms  or  more. 

The  greatest  depth  attained  by  MacAndrew  in  dredging  off  the 
coast  of  Norway,  appears  to  have  been  about  200  fathoms,  and  by 
Forbes  in  the  JSgean,  about  230  fathoms  for  living  shells,  and  250 
fathoms  for  dead  shells. 

But,  owing  partly  to  the  great  difficulties  attending  deep-sea 
dredging,  and  partly  to  a  settled  conviction  that  beyond  a  depth  of 
300  fathoms  animal  life  was  an  impossibility  on  account  of  the  enor- 
mous pressure  of  such  a  column  of  water,  the  absence  of  light,  food, 
etc.,  it  became  a  generally  accepted  dogma  that  in  the  deeper  abysses 
of  the  ocean,  **  life  is  either  extinguished,  or  exhibits  but  a  few  sparks 
to  mark  its  lingering  presence."  Yet  even  at  this  time  evidence 
actually  existed  of  life  in  the  sea  at  a  far  greater  depth  than  300 
fathoms.     General  Sir  Edward  Sabine,  who  was  a  member  of  Sir 
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Jobn  Bom'a  Aratio  expedition  in  1818,  qnite  well  raoolleobi  that  wliilit 
Rounding  in  BafGn'a  Bay,  in  1000  fiittkomB  in  mod,  between  one  ud 
two  miles  off  shore,  »  magnifioent  AsUriai  (Oapttt  M^Aam)  was 
entangled  by  the  line  (see  Woodoat,  "Fig.  l),wliilat  the  soft  sKMnidi 
mad  oontained  living  speoimeiu  of  LtmArievt  hAieeia  (p.  19). 


'*  On  the  28th  June,  1845,  Mr.  Ueury  Ooodair,  who  was  a 
of  Sir  John  Franklin's  ill-fated  expedition,  obtained  in  Davis'  Strait, 
from  a  depth  of  SOO  fathoms,  '  a  capital  haul — moUuaca,  cmstaoea, 
asteridea,  spatangi,  corallinoB,  etc'  The  bottom  was  oompoeed  of 
fine  green  mad,  like  that  mentioned  by  Sir  Edward  Sabine."  (p.  21.) 

About  1854  Passed  Midshipman  Brooke,  U.S.N.,  invented  hia 
ingenions  somiding  instrument  for  bringing  up  samples  &om  the 
bottom.  It  only  brought  up  a  small  quantity  in  a  quill,  but  ooming 
from  a  depth  of  over  1000  fathoms,  it  was  of  course  an  object  of  no 
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small  interest*  Its  examination  resulted  in  the  discoTeiy  that  all 
over  the  Atlantic  Basin  the  sediment  oonsisted  almost  entirely  of  the 
oalcareons  shells  of  one  species  of  Foraminifera,  Olchigerina  hvUoides^ 

The  cmise  of  H.M.S.  "Bulldog/'  under  Captain  Sir  Leopold 
McClintotoky  in  1860,  carries  us  on  another  step  forward.  During 
this  expedition  specimens  of  the  bottom  were  brought  up  from  depths 
of  from  600  to  2000  fathoms,  when,  besides  Globigertna  mud.  Dr. 
Wallick  obtained  13  starfishes  from  1260  fathoms. 

The  laying  of  telegraphic  cables,  and  the  soundings  taken  for  that 
pnipofle  in  the  Atlantic,  the  Mediterranean,  and  elsewhere,  together 
with  the  various  operations  connected  with  the  maintenance  of  sub- 
marine tel^giaphy^  has  added  numerous  most  important  facts  and 
data  oonoeming  the  faima  of  the  deep  sea. 

Bat  it  remained  for  Prof.  WyrUle  Thomson  and  his  colleagues,. 
Dr.  Cazpenter  and  Mr.  Qwyn  Jeffreys,  to  collect  and  publish  the 
first  most  complete  and  irrefragable  array  of  evidence  upon  the  con-; 
ditkme  of  life  in  the  depths  of  the  sea. 

"Daring  the  several  cruises  of  H.M.  ships  'Lightning'  and 
'  PoroapiDe,'  in  the  years  1868,  1869,  and  1870,  fifty-seven  hauls  of 
the  dredge  were  taken  in  the  Atlantic  at  depths  beyond  500  fathoms, 
and  sixteen  at  depths  beyond  lOOf)  fathoms,  and  in  all  cases  life  was 
abondant  In  1869  we  took  two  casts  in  depths  greater  than  2000 
fathoms.  In  both  of  tliese  life  was  abundant ;  and  with  the  deepest 
caaty  2485  fathoms,  off  the  mouth  of  the  Bay  of  Biscay,  we  took 
living,  well-marked,  and  characteristic  examples  of  all  the  five  in- 
vertebrate sab-kingdoms*  And  thus  the  question  of  the  existence  of 
abundant  animal  life  at  the  bottom  of  the  sea  has  been  finally  settled 
and  for  all  depths,  for  there  is  no  reason  to  suppose  that  the  depth 
anywhere  exceeds  between  three  and  four  thousand  fathoms :  and  if 
there  be  nothing  in  the  conditions  of  a  depth  of  2500  fathoms  to 
prevent  the  full  development  of  a  varied  fauna,  it  is  impossible  to 
suppose  that  even  an  additional  thousand  fathoms  would  make  any 
great  difference.'*  (p.  31.) 

The  book  before  us  presents  us  with  a  full  and  most  interesting 
account  of  these  several  cruises,  and  although  the  narrative  is  from 
the  pen  of  Prof.  Wyville  Tliomson  himself,  yet  all  the  important 
points  established  by  his  colleagues,  together  with  the  Natural  History 
results  as  worked  out  by  the  Rev.  A.  Merle  Norman,  Pn)f.  Kiilliker, 
Dr.  Carter,  Dr.  Allman,  Prof.  Martin  Duncan,  and  Dr.  M'Intosh,  will 
be  found  embodied  in  the  text,  which  is  most  charmingly  illustrated 
with  figures  of  all  the  most  important  among  the  many  new  and  rare 
forms  of  animals  obtained,  together  with  coloured  maps  and  charts 
of  the  areas  dredged  over  and  the  apparatus  used.  Lot  us  now  briefly 
note  some  of  the  dredgings. 

Here  is  an  account  of  a  wonderful  new  living  Echinoderm,  closely 
related  to  one  from  the  English  Chalk. 

"  As  the  dredge  was  coming  in  we  got  a  glimpse  from  time  to 
time  of  a  large  scarlet  urchin  in  the  bag.  We  thought  it  was  one  of 
the  highly-coloured  forms  of  Echinm  Flemingii  of  unusual  size,  and 
as  it  was  blowing  fresh,  and  there  was  some  Httle  difficulty  la 
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getting  the  dredge  capsized,  we  gave  litUe  heed  to  wliat  teemed  io 
be  an  inevitable  necessity — that  it  should  be  crashed  to  pieces.  We 
wera  somewhat  surprised,  therefore,  when  it  rolled  out  of  the  bag 
uninjured;  and  our  surprise  increased,  and  was  oertaiiily,  in  m^ 
case,  mingled  with  a  certain  amount  of  nervousness,  when  it 
settled  down  quietly  in  the  form  of  a  round  red  cake,  and  began  to 
pant — a  line  of  conduct,  to  say  the  least  of  it,  very  nniuaal  in  its 
rigid,  undemonstrative  order.  Yet  there  it  was,  with  all  the 
ordinary  characters  of  a  sea-urchin,  its  inter-ambulaozal  tamd,  and 
its  ambulacral  areas  with  their  rows  of  tube  feet,  its  spiaeB,  and.  five 
sharp  blue  teeth ;  and  curious  undulations  were  passing  through  lis 
perfectly  flexible  leather-like  tests.  I  had  to  summon  np^MS' 
resolution  before  taking  the  weird  little  monster  in  my  h^d,  and' 
congratulating  myself  on  the  most  interesting  addition  to  my 
favourite  family  .which  had  been  made  for  many  a  day.  (See  VigfL 
2  and  3.) 

''I  have  mtmed  this  genus  Calveria  hyairtx,  after  our  ezoellsni 
commander,  Captain  CcJver,  and  his  tidy  little  vessel,  the  '  Ponmpine,' 
in  grateful  commemoration  of  the  pleasant  times  we  had  together. 

''In  the  summer  of  1870  Mr.  Gwyn  Jeffreys,  dredging  on  the 
coast  of  Portugal,  took  two  nearly  perfect  spedmens  and  several 
fragments  of  another  species  of  the  genus  Calveria^  and  subsequent 
careful  examination  of  fragments  and  dihria  has  shown  that  this 
second  species,  C,  fenestrata,  occurs  likewise  in  the  deep  water  off 
the  coast  of  Scotland  and  Ireland."  (p.  159.) 

**Phormoaema  placenta  resembles  Calveria  in  having  a  peristome 
flexible,  the  plates  overlapping  in  the  same  way,  and  in  the  same 
directions ;  but  the  plates  overlap  one  another  only  slightly,  and 
they  leave  no  membranous  spaces  between,  so  that  they  form  a  con- 
tinuous shell.  The  great  peculiarity  of  this  form  is  that  the  upper 
surface  is  quite  different  from  the  lower."  (p.  161.) 

*'  We  have  thus  become  acquainted  with  three  members  of  a 
family  of  urchins  which,  while  differing  in  a  most  marked  way  from 
all  other  known  living  groups,  bear  a  certain  relation  to  some  of 
these,  and  easily  fall  into  their  place  in  urchin  classification.  They 
are  '  regular  Echinids,'  and  have  the  normal  number  and  arrange- 
ment of  the  principal  parts.  They  resemble  the  Cidarida  in  the 
continuation  of  the  lines  of  ambulacral  pores  over  the  scaly  mem- 
brane of  the  peristome  to  the  mouth,  and  they  approach  the 
Diadematida  in  their  hollow  spines,  in  the  form  of  their  small 
pedicollariae,  and  in  the  general  structure  of  the  jaw  pyramid.  From 
both  of  these  families  they  differ  in  the  imbricated  arrangement  of 
the  plates,  and  in  the  structure  of  the  pore-area,  to  the  widest  extent 
compatible  with  belonging  to  the  same  sub-order. 

"  Many  yeai-s  ago  Mr.  Wickham  Flower,  of  Park  Hill,  Croydon, 
procured  a  very  curious  fossil  from  the  Upper  Chalk  of  Higham, 
near  liochester.  It  consisted  of  a  number  of  series  of  imbricated 
plates  radiating  from  a  centre,  and  while  certain  sets  of  these  plates 
were  perforated  with  the  characteristic  double  pores  of  the  urchins, 
t^ese  were  absent  in  alternate  series.    Sonra  points  about  this  fossil, 
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particularly  the  imbricated  arrangement  of  the  plates  orer  portions 
indicating  a  circle  at  least  four  inches  in  diameter,  oanaed  graft 
difficulty  in  referring  it  to  its  place.  Edwazd  Forbes  examnad  it^ 
but  would  not  hazard  an  opinkm.  The  general  impressioii  was  that 
it  must  be  the  scaly  peristome  of  soaie  large  urbhin,  poasiMy  of  a 
large  Cyphasoma,  a  genus  abundant  in  the  same  bed.  Sooaa  yasn 
after  the  discoTery  of  the  first  specimen,  a  second  was  obtamad  hj 
the  Key.  Norman  Glass,  from  Charlton,  in  Kent  lliia  apedmaa 
appeared  at  first  to  solve  the  diflScnlty,  fi>r  it  contained  in  tb  osnbn 
a  well-developed  '  lantern  of  AristoUe ' ;  there  then  waa  t&e  pens- 
tome  of  the  urchin  of  which  Mr.  Flower's  speoiniaa  was  Ihs 
periproct  The  late  Dr.  S.  P.  Woodward  examined  tbe  two 
specimens  carefully,  and  found  that  the  question  was  not  so  esaBy 
settled.  He  detected  the  curious  reversal  of  the  fmbrioatfiyn  of  im 
plates  in  the  ambulacral  and  inter-ambnlacral  area  deaoribed  in 
Calveria,  and  at  one  point  be  traced  the  plates  over  the  edge*  of  the 
specimen,  and  found  that  they  were  repeated  inverted  on  the  otter 
side.  With  great  patience  and  great  sagacity  he  wetloed  Ae  tbnig 
out,  and  came  to  the  condnsion  that  he  was  dealing  wUik  the 
representative  of  a  lost  family  of  regular  echinids. 

"  Woodward  names  his  new  genus  Hehinothtrict^  and  desorSies  tts 
Chalk  species,  K  floris,  almost  as  fully  and  accurately  aa  m  ooold 
describe  it  now,  with  a  full  knowledge  of  its  relations — for  Behim^ 
ihuria  is  closely  related  to  CaHveria  and  Fkormomma,  In  sD 
essential  family  characters  they  appree.  The  plates  imbricated  in  the 
sauie  directions  and  on  the  same  plan,  and  the  straotDie  of  the 
ambulacral  area,  which  is  so  special  and  characteristic,  is  the  same. 
Echinoihnria  differs  from  Calveria  in  the  wider  inter-ambulacaal  and 
ambulacral  2)lates,  in  the  smaller  amount  of  overlapping,  and  in  the 
absence  of  membranous  intervals;  and  from  Phormosoma  it  difiers 
in  having  tlie  structure  and  ornament  of  the  apical  and  oral  auxfiKsas 
of  the  tests  the  same. 

"  As  the  genus  Echinothuria  was  the  first  described,  I  haTO  ftlt 
justified  in  naming  the  family  the  Echinoihurida,  I  have  done  ttis 
with  the  greater  pleasure,  as  it  brings  into  prominence  a  term 
suggested  by  my  late  friend  Dr.  Woodward,  whose  early  death  was 
a  serious  loss  to  science."  (p.  164.) 

Speaking  of  the  Lily-Encrinites,  Prof.  Wyville  Thomson  says : — 
Both  on  account  of  their  beauty  and  extreme  rarity,  and  of  the 
important  part  they  have  borne  in  the  fauna  of  some  of  the  past 
]>eriods  of  the  earth*s  history,  the  first  order  of  the  Echinpderms, 
Crinoidea,  has  always  had  a  special  interest  to  naturalists ;  and,  on 
the  watch  as  we  were  for  missing  links  which  might  oonneot  the 
present  with  the  past,  we  eagerly  welcomed  any  indication  of  their 
presence.  Crinoids  were  very  abundant  in  the  seas  of  the  Silurian 
period ;  deep  beds  of  Carboniferous  Limestone  are  often  formed  by 
the  accumulation  of  little  else  than  their  skeletons,  the  stem  joints 
and  cups  cemented  together  by  limy  sediment ;  and  dozens  of  the 
perfect  crowns  of  the  elegant  Lily-Encrinite  are  often  scattered  over 
the  surface  of  slabs  of  the  Muschelkalk.  But  during  the  li^pse  of  ag<es, 
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the  -whole  order  Kema  to 
have  been  wonrted  is 
tha  'loggia  for  life.* 
Tbaj  beoomB  Mane  in 
thenewerHewwoiobedi, 
•till  HBToer  in  the  Tet. 
tiaries,  and  np  to  within 
the  last  few  yean  only 
two  liviitg  stalked  Cn- 
noidi  were  known  in  the 
•eaB  of  the  preMnt  period, 
and  thoae  appeared  to  be 
oosfined  to  deep  water 
in  the  eeaa  of  the  Aa- 
tillea,  whenoe  fiahennen 
Srom  time  to  time  brinit 
op  mutilated  ipecimens 
on  thrar  lines.  Their  ez< 
istenoe  baa  been  known 
fbr  more  than  a  oentnry; 
hut,  although  many  eyes 
have  been  watching  for 
them,  until  Teiy  lately 
not  more  than  twenty 
4)eoimenfl  had  reached 
Europe,  and  of  thoee  only 
two  snowed  all  the  jointa 
and  plates  of  the  ekele- 
tOD,  and  the  soft  parts 
wero  lost  in  alL 

"  These  two  speciea 
belong  to  the  genus  Pen- 
laetimu,  which  is  well 
represented  in  the  beds  of 
the  Lias  and  Oolite,  and 
sparingly  in  the  white 
Chalk,  and  are  named 
reapectiTely  J^laerintu 
astma,'L.,aiidP.Muileri, 
Oersted.  Fig.  4  repre- 
sents the  first  of  these. 
This  species  has  been 
known  in  Europe  since 
the  year  1766,  when  a 
specimen  was  brought  to 
Paris  fit>m  the  Island 
of  Hartiniqne,  and  de- 
scribed by  Guettard  in 
the  Uemoiis  of  the  Boyal 
Academy   of   Soienoes. 
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For  the  next  hundred  years  an  example  tamed  up  now  and  then  from 
the  Antilles.  Ellis  descrihed  one  now  in  the  Hunterian  Museum  in 
Olasgow  UniTOndtyt  in  the  Philosophical  Transactions  for  1761* 
One  or  two  fonnd  their  way  into  the  museums  of  Copenhageui  Bristol, 
and  Paris ;  two  into  the  British  Museum,  and  one  fortunately  fell  into 
the  hands  o£  tho  late  Prof.  Johannes  Miiller,  of  Berlin,  who  puhlished 
an  elabonte  aooount  of  it  in  the  Transactions  of  the  Boyal  Berlin 
Aoademy  for  1843.  Within  the  last  few  years  Mr.  Damon,  of  Wey- 
mouth, a  well-known  collector  of  natural  history  objects,  has^pro- 
cured  ae^enil  "vexy  good  specimens,  which  are  now  lodged  in  the 
museums  of  Moscow,  Melbourne,  Liyerpool,  and  London. 

« On  the  21st  of  July,  1870,  Mr.  Gwyn  Jeffreys,  dredging  from 
the  '  Potcapine '  at  a  depth  of  1095  fathoms,  lat  SO''  42^  N.,  long.  90° 
43^  W.y  wiui  a  bottom  temperature  of  4°'3  0.,  and  a -bottom  of  soft 
mud,  tocric  about  20  specimens  of  a  handsome  Pentacrinw  involved  in 
the  '  hempen  tangles '  ^attached  to  the  lower  end  of  the  dredge-bag), 
and  this  splendid  addition  to  the  fauna  of  the  European  seas  my 
friend  has  done  me  the  honour  to  associate  with  my  name.  Penta- 
crinns  TFjfviZb-l^oniMmt,  Jeffreys  (Fig.  5),  is  intermediate  in  some  of 
its  chara^teB  between  P.  asiefia  and  P.  MnUeri;  it  approaches  the 
latter  species^  however,  the  more  nearly." 

"  All  the  stems  of  mature  examples  of  this  species  end  uniformly 
in  a  nodal  joints  surrounded  with  its  whorl  of  cirri,  which  curve 
downwards  into  a  kind  of  grappling  toot  The  lower  surface  of  the 
terminiJ  joint  is  in  all  smoothed  and  rounded,  evidently  by  absorp- 
tion, showing  that  the  animal  had  for  long  been  free.  This  character 
I  have  remarked  as  occurring  in  P.  MuUeri.  I  have  no  doubt  that  it 
is  constant  in  the  present  species,  and  that  the  animal  lives  loosely 
rooted  in  the  soft  mud;  and  can  change  its  place  at  pleasure  by 
swimming  with  its  pennated  arms ;  that  it  is  in  fact  intermediate 
in  this  respect  between  the  free  genus  Antedon  and  the  permanently 
fixed  Grinoids."  (p.  444.) 

**  Two  other  fixed  Orinoids  were  dredged  from  the  '  Porcupine,' 
and  these  must  be  referred  to  the  Apioerinida,  which  differ  from  all 
other  sections  of  the  order  in  the  structure  of  the  upper  part  of  the 
stem."  (p:  446.) 

"The  Apioorinid»  attained  their  maximum  during  the  Jurassic 
period,  when  they  were  represented  by  many  fine  species  of  the 
genera  Apiocrinns  and  MiUericrinua.  The  Chalk  genus  Bourgueti- 
crintu  shows'  many  symptoms  of  degeneracy.  The  head  is  small, 
and  the  arms  are  small  and  short  The  arm -joints  are  so  minute 
that  it  is  scarcely  possible  to  make  up  a  series  from  the  fragments 
scattered  through  the  Chalk,  in  the  neighbourhood  of  a  cluster  of 
heads.  The  stem,  on  the  other  hand,  is  disproportionately  large  and 
long,  and  one  is  led  to  suspect  that  the  animal  was  nourished  chiefly 
by  the  general  surface  absorption  of  organic  manner,  and  that  the 
head  and  special  assimilative  organs  were  principally  concerned  in 
the  function  of  reproduction.  Bhizocrtnua  loffotensis,  M.  Sars,  was 
discovered  in  the  year  1864,  at  a  depth  of  about  300  fathoms,  off  the 
Loffoten  Islands,  by  G.  0.  Sars,  a  son  of  the  celebrated  Professor  of 
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Natural  History  in  the  UniYerBitj  of  Christiania,  by  whom  it  was 
described  in  the  year  1868.  It  is  obviously  a  form  of  the  Apio- 
crinidffi  still  more  degraded  than  Bourgueiicrimiis,  which  it  closely 
resembles."  (p.  447.) 

We  must  now  close  this  very  br^ef  notice  of  Ptof.  Wyrille  Thomson's 
beautiful  book,  so  full  of  interest  for  the  NatiinJist,  and  so  rich  in 
palseontological  materials,  to  which  we  may  again  be  drawn  to  allude 
in  a  future  number. 

The  book  gives  us  the  best  and  fullest  notion  we  have  yet  had 
laid  before  us  of  the  vast  benefit  conferred  on  scienoe  by  tiie  wise 
action  of  the  Council  of  the  Boyal  Society,  in  pressing  the  importance 
of  sudi  work  upon  the  Gk)vemment,  so  that  they  have  gone  on  from 
the  smaUer  cruises  of  the  '^Porcupine"  and  ''Lightning/'  to  the 
grander  idea  of  despatching  "an  expedition  to  traverse  the  great 
ocean  basins,  and  take  an  outline  survey  of  the  vast  new  field  of 
research — the  bottom  of  the  sea."  Speed,  speed,  the  **  Challenger  I*' 
and  success  to  all  on  board  I 


n. — ^The  Higheb  Ministry  of  Natube  viewed  m  the  Light  or 
MoDEBN  Science,  etc.  By  John  B.  Leifohild,  A.M.  8vo.  pp. 
543.     (London :  Hodder  &  Stoughton,  1872.) 

IF  the  author  of  the  book  before  us  admits  that  he  deals  in  many 
portions  *'  with  inevitable  and  insuperable  difficulties,"  touching 
**  upon  the  extreme  limits  of  human  intelligence,  where  no  thinker 
can  hope  for  clear  solution,  in  the  present  state  of  our  knowledge," 
it  is  easily  to  be  conceived  that  the  reviewer  finds  hie  task  far  from 
light. 

'^  This  world  of  ours,"  writes  the  author,  in  his  Becapitulation, 
''and  the  universe  so  far  as  we  know  it,  forms  a  magnificent  manifest- 
ation to  man,  and  perhaps  to  higher  beings,  of  the  creating  and 
conserving  Deity,  without  whose  creation  and  conservation  in 
perpetual  exercise,  the  totality  of  existing  things,  organic  and 
inorganic,  which  we  call  Nature,  would  not  have  come  into,  and 
would  not  continue,  in  existence. 

*' Every  relation,  or  law,  or  method,  we  discern  and  discover  in 
Nature,  and  in  ourselves,  is  an  already  accepted,  or  an  additional 
proof  of  this  fundamental  position.  The  advances  and  adjustments 
of  scientific  research,  all,  when  rightly  interpreted,  contribute  to 
strengthen  and  enlarge  this  view."  (p.  639.) 

Much  of  Mr.  Leifchild's  book  is  necessarily  occupied  with  matter 
beyond  the  limits  of  this  Journal  to  discuss.  We  may  therefore  pass 
over  many  chapters — nay,  must  of  necessity  do  so  in  a  brief  review — 
chapters  entitled  "The  Fleeting  and  the  Enduring" — "The  Two 
Ministries  of  Nature" — "Ignorance,  Definitions,"  etc. — "Theologies 
and  Natural  Science  " — "  The  Great  Problem  and  our  Means  of  Solving 
it" — "The  Argument  from  Design." 

Under  this  last  chapter-heading  we  notice  in  passing  the  good 
sense  of  the  author  in  deprecating  the  popular  defect  of  treating 
certain  phenomena,  certain  structures  or  provisions,   as  specially 
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eridenoing  Divine  skill,  goodness  or  forethouglit,  more  so  than  a 
mnltitiide  of  others  which  we  either  do  not  know  or  do  not  enume- 
rate. On  this  account  all  such  titles  as  the  ''  Wonders"  or  the 
*'  Marvels  of  Nature,"  or  the  "  Footprints  of  the  Creator,"  are  inap- 
propriate and  misleading.  The  whole  of  Nature  may  be  called  mar- 
vellous (p.  97). 

Here  Paley  shines  forth : — '*  A  common  spectator  of  a  grand  build- 
ing would  most  admire  the  ornamental  decorations,  the  sculptured 
capitals,  the  enriched  cornices,  and  the  scrolls  (wreaths  ?)  of  foliage 
exhibited  before  him,  but  the  more  cultured  student  would  rather 
observe  and  commend  the  total  design,  the  noble  plan,  the  combina- 
tion* of  parts,  and  the  impressive  grandeur  of  the  whole  building. 
In  these  he  would  discern  the  master-mind,  and  while  particular 
details  would  receive  his  attention  in  due  course,  he  would  derive 
his  impressions  from  and  pronounce  his  approbation  of  the  entire 
structure.  The  subordination  of  the  smallest  details  to  the  one  all- 
embracing  and  grand  conception  of  the  skilful  designer  and  executor 
of  the  building  would  elicit  his  admiration,  and  elevate  his  conception 
to  a  higher  thinking-point  than  even  the  most  perfect  construction 
and  finish  of  particular  parts.  So  would  it  be  with  our  contempla- 
tion of  the  grand  Temple  of  Nature,  could  we  behold  it  as  a  perfect 
whole."  (p.  99.) 

'*  Function  and  purpose  in  structure "  is  next  touched  upon,  and 
Sir  Charles  Bell  and  Mr.  Murphy  are  quoted  at  some  length. 

We  are  rather  surprised  at  the  author's  next  topic.  He  says : — 
"When  we  begin  to  inquire  respecting  Ultimate  Purpose,  that  is, 
purpose  beyond  the  present  apparent  order  and  constitution  of 
things,  Natural  Science  fails  to  give  a  reply.  We  may  show,  for 
instance,  how  coal  and  metcils  have  been  stored  and  arranged  con- 
veniently for  the  use  of  man;  but  having  arrived  at  human  ad- 
vantage, we  can  proceed  no  further  by  any  natural  knowledge. 
Dynamical  laws,  modes  of  formation  and  cosmical  arrangements  and 
present  benefits  can  be  discovered  and  unfolded ;  and  this  is  the 
province  of  Science.  In  considering  the  entire  inorganic  world, 
Science  cannot  inform  us  in  any  degree  as  to  the  ultimate  purpose  of 
such  a  world.  Nor  can  Science  do  much  more  even  in  the  organic 
world.  At  the  best,  physiology  shows  to  us  the  function  of 
structures  in  their  mutual  relations  of  parts  to  the  complete  organ- 
ism. There,  however,  it  pauses.  Ultimate  purpose  is  quite  beyond 
its  province."  (p.  105.)  "  Science,"  says  the  author,  *'  is  essential 
at  the  threshold  as  giving  us  the  proper  means  of  inquiry,  and  as 
affording  us  the  basis  of  reasoning.  Having,  however,  enabled  us 
to  lay  the  foundation,  it  has  done  its  utmost,  and  must  leave  any 
superstructure  to  other  hands.  At  this  stage  the  Higher  Ministry  of 
Nature  may  be  brought  into  exercise,  and  by  its  aid  we  may  erect  a 
superstructure  upon  the  scientific  foundation."  (p.  106.) 

Here,  as  it  seems  to  us,  our  author  leaves  '^the  solid  ground  of 

Nature";  and  when  he  urges  that  "we  may  speculate  from  the 

known  to  the  unknown,  and  the  conditions  of  the  former  being 

ascertained,  we  may  warrantably  conjecture  some  of  the  conditions 
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of  the  unknown,*'  we  feel  that  we  are  heyond  our  depth,  and  not 
having  confidence  in  the  aathor  ■  philoeophy.  w»  abike  for  the 
shore. 

Under  the  head  of  "  Definition  of  Species,"  the  anthor  giTea  at  a 
carefully  collected  snmmary  of  all  the  leading  opinions  of  what  ii 
meant  by  the  term  SpecitM  in  yatnral  Histoiy  (p.  200) ;  indeed  the 
book  throughout  is  stored  with  extracta  from  Dsrwin,  Lyell,  Heibert 
Spencer,  Wallace,  Mill,  and  very  many  other  writers^  e'ndenoing  the 
wide  extent  of  the  author's  reading. 

There  are  many  of  the  author  s  condosions  howerer  which  we 
cannot  accept ;  and  some  of  his  assertions  are  hardly  oorreot.  For 
instance,  under  the  head  of  "  Objection  to  Darwin'a  Thecny,"  is  the 
following  statement  (p.  209)  : — 

"A  very  formidable  objection  against  Darwinism  is  that  a  rast 
number  of  iramitiomal  forms  should  be  apparent  aa  the  neoessaiy 
consequence  of  the  gnulual  passage  of  one  species  into  another. 
Any  reader  will  perceive  on  reflection  that  an  oniversal  and  ooa- 
tinuous  development  of  organic  beings  through  a  long  aeries  of 
forms,  must,  if  it  has  been  in  actual  operation,  disclose  nomeroos 
mutations  at  its  various  stages,  of  forms  intermediate  between  two 
species.  Otherwise  the  connecting  links  in  the  living  chain  would 
be  wanting.  Yet  there  neither  is  in  the  organic  beings  now  known 
to  be  living  on  earth,  nor  in  the  remains  of  animals  as  yet  exhnmed, 
a  single  decided  and  incontrovertibly  admitted  instance  of  a  tran* 
sitional  variety."  (p.  210.)  Again  (p.  212),  "  And  that  there  must 
have  been  many  such  intermediate  creatures  is  manifest,  if  we 
look  at  the  great  dificrences  between  birds  and  all  other  vertebrate 
animals.  So  great  are  these  that  Mr.  Darwin  remarks,  'Wa  may 
account  for  the  distinctness  of  birds  from  all  other  vertebrate 
animals  by  the  belief  that  many  ancient  forms  of  life  have  been 
utterly  lost.' 

''  But  where,"  continues  our  author,  ''  could  these  lost  forms  have 
been,  granting  that  tliey  ever  existed  ?  They  must  have  been  inter- 
mediate, and  must  have  borne  organs  in  many  intermediate  and 
imperfect  states ;  wliilc  any  animal  approaching  to  a  bird,  yet  not  a 
bird,  any  animal  with  a  half-developed  wing,  together  with  or  with* 
out  other  balf-devcloped  organs  at  the  same  time,  must  have  been  a 
monstrosity,  and  either  in  respect  of  easy  motion  on  the  ground  or 
any  motion  in  the  air,  an  inconvenient  and  painfully  existing  mon* 
strosity.  A  creature  between  any  known  vertebrate  animal  and 
any  known  bird,  in  many  and  perhaps  every  preceding  stage  of 
development,  could  not  have  moved  without  difficulty  or  failure; 
and  such  failure  must,  in  most  cases,  if  not  in  all,  have  prevented 
the  perfection  and  completeness  of  the  after-growth  and  structure. 
All  such  imperfections  of  structure  must  have  been  hindrances  to 
freedom  of  action,  and  thereby  to  fulness  of  growth,  and  thereby 
again  to  success."  (p.  213.) 

In  reply  to  tlie  assertion  of  the  general  absence  of  all 
forms,  we  will  quote  two  very  distinct  authorities. 

Prof.  Owen,  in  his  Comparative  Anatomy  of  Vertebrates,  has  pointed 
out  that  there  is  a  direct  line  of  succession  between  the  tridaotyleEooena 
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PdUBOtherium  and  the  modern  single-hoofi^d  Eqwus,  throogh  PalaplO" 
Atriuw^  Amehitherium  and  Hipparion,  ''ThoB  the  sucoeaBion  in  time 
aooords  ^th  the  gradational  modi6  cations  hy  which  FaUBOiherium  is 
linked  on  to  JSquua.'*    (Owen  op.  cit  p.  798.) 

Prof.  Huxley,  in  a  lecture  deliTered  before  the  Boyal  Institution 
of  Qreat  Britain  on  Feb.  7,  1866,  pointed  out  the  close  affinities 
existing  between  the  Dinotauria  and  Birds.  The  recent  discovery 
by  Profl  O.  C.  Marsh,  of  Yale  College,  Ct,  U.S.A.,  of  a  remarkable 
extinct  bird  with  biooncave  vertebres  and  well-developed  teeth  in 
both  jaws,  adds  another  link  to  the  remarkable  fossil  bird  from 
Solenhofen,  the  Archaopteryx  liihographica,  and  sufficiently  proves  the 
justness  of  Dr.  Darwin's  conclusion.  Other  evidence  (we  learn)  will 
shortly  be  forthcoming  in  this  country  tending  in  the  same  direction. 

Compact  as  is  the  Avian  class,  we  have,  even  among  living  birds, 
many  anomalous  forms,  such  as  the  all-but-wingless  Penguins,  and 
the  lately  exterminated  Auk,  and  Dodo.  The  Bhea  and  Ostrich 
have  only  rudimentary  wings,  the  Cassowary  and  Apteryx  none  at 
all,  nor  had  the  gigantic  bird^  of  New  Zealand  a  trace  of  wings,  yet 
they  managed  to  live  on  save  for  the  interference  of  man  upon  the 
aoene  of  their  existence — notwithstanding  Mr.  Leifdiiid's  oondemna- 
tion  of  such  wingless  monstrosities. 

It  may  be  interesting  to  our  readers,  as  well  as  to  the  author  of 
*'  The  Higher  Ministry  of  Nature,"  to  know  that  there  is  now  living 
on  the  Continent  of  Australia  a  bipedal  lizard,^  which  certainly  goes 
a  long  way  to  meet  a  bird,  with  well-developed  teeth,  biconcave 
vertebrse,  and  a  long  rat-like  tail  I 

To  those  who  wish  to  follow  the  author  "  one  step  further,"  when 
he  suggests  ''the  probability  of  Angelic  and  Human  Continuity," 
we  leave  the  perusal  of  this  singular  volume.  There  can  be  no 
doubt  of  the  earnestness  and  sincerity  of  the  author,  but,  like  all 
earnest  advocates,  he  is  not  altogether  impartial ;  for  whilst,  on  the 
one  hand,  he  charges  Darwin  with  gathering  a  vast  army  of  facts  ojr 
phenomena,  and  drilling  them  during  many  years  upon  one  system, 
he  has  collected  an  equally  extensive  series  of  eoctracta  from  ancient 
and  modem  writers,  and  presses  them  in  favour  of  his  own  peculiar 
tenets  with  all  the  logic  he  can  command.  Mr.  Leifchild  is  an  apt 
illustration  of  the  old  adage,  **  Logically  demonstrate  your  case,  and 
I  will  undertake  to  prove  by  logic  that  the  very  reverse  of  what  you 
have  stated  is  the  ti'uth." 


HL — Sketch  of  a  New  Geological  Map  of  Victoria.  By  R. 
Brough  Smyth,  F.G.S.,  etc.,  Secretary  for  Mines  for  the  Colony 
of  Victoria. 
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E  have  lately  had  forwarded  to  us  the  above  publication  from 
the  Government  Mining  Department  of  the  Colony  of  Vic- 
toria. The  sketch  is  in  the  form  of  a  lithograph,  printed  in  colours, 
on  the  scale  of  one  inch  to  ten  miles,  and  is  intended  to  accompany 

*  *'The  great  Frilled  Lizard.**  Chlamydosaurua  Kingii,  This  lizard  habitually 
rau  about  on  its  hind-legs,  seldum  or  never  touching  the  ground  with  its  fore-puws, 
triiich  ar«  but  little  developed. 
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the  Official  Catalogue  of  the  Yiotorian  Conrt  in  the  London  Exhibi- 
tion of  the  present  year.  The  map  fnmisheB  ns  with  the  latest 
information  and  opinions  held  by  &e  authorities  of  the  yictoria& 
Mining  Department  on  Yietorian  Geology.  The  geological  features 
are  chiefly  taken  from  Mr.  Selwyn's  Sketch  Map,  published  by  the 
late  Oeological  Survey  of  Victoria,  with  additions  by  Mr.  Brough 
Smyth  and  certain  of  the  Mining  Surveyors  under  his  direction. 
The  basis  of  the  topographical  portion  of  Mr.  Smyth's  New  Geo- 
logical Sketch  Map  was  a  compilation  made  at  the  Office  of  Mines 
in  1866,  from  recent  surveys,  and  in  this  respect  has  a  oonsideiable 
advantage  over  Mr.  Selwyn's  earlier  one. 

In  certain  essential  points  the  present  map  differs  from  that  of  Mr. 
Selwyn.  Should  these  additions  eventually  prove  to  be  correct,  the 
value  of  the  map  will  be  considerably  increased,  as  they  refer  to  rook 
masses  generally  yielding  economic  minerals  of  considerable  value. 

In  the  large  eastern  province  of  the  Colony,  Gippsland,  mudi 
alteration  has  been  made  in  the  relative  boundaries  of  the  Crystalline 
rocks  and  the  Upper  and  Lower  Silufrians.  This,  as  this  wild  and 
hilly  portion  of  the  country  becomes  opened  up  and  better  known, 
is  nothing  more  than  might  have  been  expected.  A  more  clear 
and  well  defined  line  has  also  been  drawn  between  the  Upper  and 
Lower  Silurian  deposits  in  the  central  portions  of  the  Colony. 

The  remaining  rooks  of  Palaeozoic  age  were  formerly  delineated 
on  Mr.  Selwyn's  Map  by  one  colour,  and  called  in  a  general  way 
**  Upper  Palaeozoic."  The  upper  portion  of  ihiB  series  at  certain 
localities  contains  the  remains  of  Lepidodendra  (Mount  Tamho, 
Mansfield,  Avon  River,  etc.),  and  it  was  thought  extremely  probable 
that  these  might  represent  some  portion  of  the  European  Carbon- 
iferous Series.  Certain  small  patches  of  fossiliferons  limestone  in 
Ejistem  Gippsland  (Bucban,  Bindi,  etc.),  regarding  the  identity  of 
which  some  doubts  were  entertained,  are  now  mapped  by  Mr. 
Smyth  as  Devonian,  apparently  on  the  strength  of  certain  fossils, 
some  of  which  were  pronounced  by  Professor  McCoy  to  be  identical 
with  species  from  the  Devonian  of  the  Eifel.  Those  mentioned  by 
Mr.  Smyth  in  the  explanation  of  the  Sketch  Map  are  Spirifera  teti- 
costata,  the  remains  of  Placodeimatous  Fish,  and  Corals.  The 
upper  portion  of  the  series  before  mentioned  as  containing  Lepido- 
dendra  are  now  definitely  coloured  as  Carboniferous. 

The  boundaries  of  the  Carbonaceous  Secondary  beds,  in  places 
coal-bearing,  occupying  some  portion  of  the  southern  sea-board,  have 
not  undergone  any  very  considerable  change  since  they  were  first 
laid  down  by  Mr.  Selwyn. 

A  series  of  beds  on  the  east  side  bf  Port  Philip  Bay,  much 
resembling  in  their  litbological  aspect  our  Lower  Tertiaries,  and 
formerly  provisionally  called  Eocene,  are  on  this  Map  termed 
*  Oligocene*  They  arc  well  seen  at  Mounts  Eliza  and  Martha,  and 
at  Schnapper  Point,  where  the  following  fossils  appear  very  cha- 
racteristic: —  Volnta  aiiticingulata,  McCoy;  F.  aniiscallaria,  McCoy; 
F.  Hannafordi,  M'Coy ;  F.  strophodon,  McCoy ;  Cyprma  gasiroplax^ 
McCoy ;  Trivia  avallanoidea,  McCoy ;  T,  australia,  McCoy,  and  many 
others. 
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In  the  present  nnsatiBfaotoiy  state  of  onr  knowledge  regarding 
the  AnstraJian  Tertiary  series,  it  would  perhaps  be  well  if  Victorian 
geologists  wonld  adopt  a  suggestion  of  Prof.  Martin  Duncan's  (On 
the  Fossil  Corals  of  the  Australian  Tertiary  Deposits,  Quart.  Joum. 
Qeol.  Soc.,  vol.  xxvi.,  p.  288),  that  instead  of  subdividing  their  Tertiary 
series,  whilst  so  little  is  known  about  them,  into  Pliocene,  Miocene, 
and  Eocene,  or  Oligooene,  as  the  case  may  be,  they  should  content 
themselves  for  the  present  with  merely  calling  them  all  Gainozoie. 

The  artistic  portion  of  Mr.  Smyth's  Sketch  Map  is  everything 
that  could  be  desired ;  the  type  is  dear  and  good,  and  the  colours 
evenly  and  correctly  laid  on.  We  shall  be  glad  to  see  further  geo- 
logical efforts  on  the  part  of  the  Victorian  Mining  Department,  but 
should  advise  them  to  pay  a  little  more  attention  to  palseontological 
nomenclature  than  is  evinced  in  the  few  names  of  fossils  given  in 
the  letter-press  description  of  the  Map  in'  the  Essay  attached  to  the 
Exhibition  Catalogue.  R.  E. 


TV. — ^A  MoNOGBAPH  OF  THE  BRITISH  Graptoutida.  By  Prof.  H. 
A.  Nicholson,  M.D.,  D.Sc.,  M.A.,  etc.  Part  I.  (Edinburgh : 
Blackwood  &  Sons.     1872.) 

WITHIN  the  last  few  years  much  has  been  added  to  our  know- 
ledge of  the  peculiar  group  of  fossils  which  form  the  subject 
of  the  present  Monograph.  Siiuie  1866,  when  Prof.  Nicholson 
commence  his  laboui*s  on  the  group,  the  British  Graptolites  have 
been  treated  of  in  five-and-twenty  memoirs,  and  the  number  of 
species  known  to  Britain  has  been  at  least  doubled.  This  result  is 
mainly  due  to  the  researches  of  Prof.  Nicholson  in  the  Skiddaw 
Slates  and  Coniston  Flags  of  the  English  Lake-district,  and  in  the 
Moffat  group  of  the  south  of  Scotland,  and  it  is  upon  the  extensive 
collection  which  he  has  made  from  these  richly  graptoliferous  rocks 
that  the  present  work  is  chiefly  based. 

The  first  and  only  part  as  yet  published  '*  is  intended  to  serve  as 
an  Introduction  to  the  study  of  the  Graptolitidae  genei'ally." 

The  first  chapter  is  devoted  to  the  bibliography  of  the  group,  and 
comprises  a  chronological  history  from  1727,  when  Bromel,  in 
describing  the  fossils  of  Sweden,  evidently  mistakes  graptolites  for 
leaves  of  grasses,  to  1871,  when  the  discovery  of  a  British  specimen 
with  gonothecse  finally  settled  the  much-debated  question  of  the 
zoological  position  of  these  interesting  fossils,  showing  that  they 
were  truly  referable  to  the  Hydrozoa,  and  nearly  related  to  the 
Sertularians  and  Plumularians,  as  first  suggested  by  Portlock  in 
1843. 

In  chapter  ii.  the  "general  form  of  Graptolites,"  their  mode  of 
preservation,  and  the  sediments  in  which  they  occur,  are  successivelv 
treated  of.  Under  the  first  heading  the  terminology  employed  is 
explained.  It  is  to  be  regretted  that  the  author  still  adheres  to  the 
terms  "  frond  "  and  "  stipe."  The  former  is  certainly  not  a  suitable 
term  for  the  entire  exo-skeleton  of  an  animal,  nor  is  the  latter  for 
its  component  parts,  or  as  it  is  here  expressed,  "the  separate 
simple  elements  which  make  up  the  complex  specie^.'* 
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The  next  two  ohaptera  are  devoted  to  ihB  geiieral  and  q>ecBal 
morpholep  of  graptolites.  In  order  to  explain  their  general 
^.tructure,  three  well-known  ^eoies  are  selected  for  deacriptioii  aa 
typical  forms  of  the  family,  and  the  yarious  aqpecta  each  may  pre- 
sent according  to  the  mode  of  preservation,  and  the  view  exhihited, 
whether  latend,  dorsal,  or  ventral,  are  clearly  pointed  out.  This 
last  aspect,  to  which  our  author  does  not  assign  a  name,  ia  that 
which  gives  rise  to  what  are  called  **  scalariform "  impressiona 
The  original  OraptoUlhua  scalaris  of  LinnfiBUS  is  generally  believed 
to  have  been  founded  on  an  impression  of  this  nature,  whence  the 
name. 

The  structure  of  the  various,  organs  of  which  the  graptolite  is 
composed  is  then  described  in  detail,  and  the  modifications  they 
undergo  in  the  dififorent  genera  are  fully  explained;  and  this  subject 
is  further  pursued  in  the  following  chapter,  which  treats  of  the 
*'  nature  and  functions  of  the  base."  We  do  not  see  how  the  term 
base  is  reooncilablo  with  the  view  held  by  Prof.  Nicholson,  and  ably 
advocated  in  this  chapter,  that  the  ''radiculate"  graptolites  were 
free- swimming  organisms.  If  they  w^e  so,  we  have  no  right  Co 
assume  that  the  proximal  end  of  the  polypary  was  invariably  lower- 
most; and  even  then  the  term  would  scarcely  be  appropriate. 
With  the  "  dendroid  "  graptolites  the  case  is  different,  for,  since  the 
publication  of  the  work  under  review,  the  inference  that  these 
forms  **  may  have  been  attached  to  the  sea-bottom  or  to  some  objects 
during  their  growth,"  which  Hall  drew  from  their  "  general  form, 
and  from  their  analogy  with  other  bodies,"  has  been  confirmed  by 
the  discovery  of  a  British  specimen  with  a  process  of  attachment 
similar  to  the  hydrorhiza  of  the  recent  Sertularian  zoophytes- 

Tlie  sixth  chapter  treats  of  "  reproduction  and  development." 
Only  two  specimens  with  organs  undoubtedly  forming  a  portion  of 
the  repro<l active  system  are  known  to  have  been  found.  One  of 
tlicse  was  described  and  figured  by  Hall  in  1858;  the  other  by 
Hopkinson  in  1871.  The  nature  of  the  peculiar  bodies  described 
by  Nicholson  in  1866  as  *' grapto-gonophores "  has  not  yet  been 
satisfactorily  determined ;  and  though  still  advocating  the  opinion 
then  expressed,  the  author  admits  that  he  has  no  fresh  evidence  of 
their  connexion  with  graptolites  to  bring  forward.  If  his  conclusion 
that  these  bodies  '*  possessed  in  their  free  condition  the  power  of  in- 
dependent growth "  is  correct,  they  bear  no  real  analogy  to  the 
gonothecsB  of  the  Sertularian  zoophytes.  To  these  gonothecss  the 
persistent  capsules  found  by  Hall  and  Hopkinson  on  Diphgraptua 
Whilfieldi  and  D,  prhtis  respectively,  bear  a  most  striking  re- 
semblance, and  being  external  processes,  show  that  graptolites  are 
truly  Hydrozoa,  and  not  Polyzoa. 

This  question  is  treated  of  in  the  succeeding  chapter,  in  which 
the  author,  after  briefly  stating  his  views  on  the  mode  of  existence 
of  the  radiculate  and  dendroid  graptolites,  notices  the  affinities  they 
present  to  the  Actinozoa,  the  Hydrozoa,  and  the  Polyzoa.  We 
believe  that  with  the  exception  of  Richter,  all  recent  authorities 
consider  the  graptolites  to  be  Hydrozoa ;  and  Allman  has  shown  the 
JncoDchmvenesB   of   the    arguments  in  favour   of   the  Polyaoan 
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ities  of  the  graptolites  put  forward  in  Bichter's  last  paper  on 

subject  (1871).     But  whether  the  true  graptolites,  the  Rhabdo- 
ra  of  Allman,  should  form  a  distinct  order  of  the  class  Hydrozoa, 

sub-order  of  the  order  Hvdroida,  still  remains  for  determina- 

In  this  memoir  they  are  considered  to  form  a  distinct  order, 

ither  ''sub-class  "  of  the  Hydrozoa,  and  under  the  name  Orapto- 

X  are  grouped  together  the  Ehabdophora,  the  Dendroidea,  and 

vr  genera  of  doubtful  affinity. 

he  next  chapter  comprises  a  brief  summary  of  the  present  state 
ur  knowledge  of  the  geological  distributicm  of  the  Graptolites 
their  allies.  The  author  divides  the  Silurian  epoch,  to  which 
B  fossils  are  almost  exclusively  confined.,  into  three  distinct 
Dds: — 1.  The  Skiddaw  and  Quebec  period.  2.  The  Llandeilo 
Caradoc  period.  3.  The  Upper  Silurian  period.  If  we  include 
Lower  Llandeilo  or  Arenig  group  in  the  first  period  (its  proper 
b),  and  eliminate  from  this  period  the  species  Dicranograptus 
ysus,  which  really  begins  in  the  true  Llandeilo  and  not  in  the 
3ig  rocks,  we  shall  find  that  out  of  the  ninety  British  species 

enumerated,  but  three  pass  from  the  Skiddaw  and  Quebec,  or 
lig  period,  to  the  Llandeilo  and  Caradoc  period.  From  the 
^er  to  the  Upper  Silurian  rocks  the  well-known  species  Qrapto- 
IS  priodon  and  O.  colonus  alone  pass. 

ecent  researches  tend  to  show  that  the  Rhabdophora  are  even 
6  restricted  in  their  range  in  time  than  appears  from  the  table 
n  in  this  chapter.  We  refer  especially  to  the  researches  of 
worth  in  the  Lower  Silurian  rocks  of  the  south  of  Scotland. 

Dendroidea,  on  the  other  hand,  will  probably  ultimately  be 
id  to  have  a  more  extensive  range  than  hitherto  supposed. 
1  the  ninth  and  concluding  chapter  the  genera  of  the  Grapto- 
ae  are  described.     They  are  grouped  into  five  "  sections,"  named 
ectively,  Monoprionidro,  DiprionidaB,  Tetraprionidas,  Dendroidea, 

Incertas  Sedis.  The  sequence  in  which  the  genera  of  the 
loprionidas  are  described  shows  that  the  author  does  not  clearly 
prehend  the  affinities  of  the  dififerent  forms ;  and  from  the  sup- 
sion  of  the  genus  Dicellograptus,  which  constitutes  with  DicranO" 
^tus  the  section  or  family  MonodiprionidaB,  it  would  appear  that 
las  failed  to  recognize  the  primitive  morphological  types  upon 
zh.  the  several  generic  forms  are  constructed, 
he  few  defects  wo  have  endeavoured  to  point  out  are  of  slight 
«quence  compared  to  the  large  amount  of  valuable  matter  which 
ere  brought  before  us.  The  present  part  of  Prof.  Nicholson's 
lograph  forms  a  complete  introduction  to  the  study  of  the  British 
)tolites,  and  being  written  in  the  free  though  cx)ncise  style 
3h  characterizes  all  the  author's  works,  being  admirably  printed. 

profusely    illustrated    with    well-executed  woodcuts,  will  be 

with  pleasure  by  all  who  take  an  interest  in  Silurian 
jontology.  It  is  undoubtedly  the  most  important  memoir  on 
graptolites  which  has  appeared  since  the  publication  of  Mr. 
•uthers's  Enumeration  of  the  British  Species  (Geol.  Mag.,  Vol. 
1868),  and  when  completed  will,  we  doubt  not,  fully  ^ci^^al, 
ot  surpass,  FroF.  HalFs  splendid  Monograplo.  on  l\i^  OtT^^WC^Xe^ 
be  Quebec  Qroup.  J ,  'B.. 
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Y. — Gkolooioal  Stories:  A  Series  of  AuroBiooRiLPHixs  nr 
Chronological  Order.  By  J.  E.  Taylor,  F.O.S.  8to.  ^ 
801.     (London:  Robert  Hard wicke.    1878.) 

POPULAB  books  written  to  excite  an  interest  in  Greology  are  not 
wanting,  and  certainly  there  is  a  great  choice  for  the  beginner. 
If  he  want  an  elementary  and  purely  scientific  work,  he  can  take 
Lyeirs  "Student's  Manual,"  or  Phillips'  "Guide,"  Jukes'  "School 
Manual"  (the  Jukes-Brown  edition),  or  Portlock  and  Tate,  Bamsay's 
"Physical  Geography  and  Geology,"  or  Ward's  ''Elementuy 
Geology,"  Page's  "Introductory  Text-book,"  or  his  "Earth's  Cmst'* 
These  and  others  might  be  cited,  which  would  any  of  them  serve  as 
a  geological  primer,  although  those  of  Lyell  and  Bamsay  are  works 
of  i*eference  at  all  times. 

Of  the  more  popularly  written  books,  not  intended  as  text-books, 
there  have  been  many,  and  foremost  amongst  them  are  the  writings 
of  Hugh  Miller,  and  his  books  will  remain  whilst  a  multitude  of 
others  are  lost  sight  of.     In  this  class  we  may  place  Eingsley's 
"  Town  Geology,"  which  we  noticed  a  short  time  ago,  and  also  the 
volume  before  us,  Taylor's  "  Geological  Stories,"  as  all  have  similar 
objects.     Mr.  Taylor's  "Stories"  originally  appeared  in ''Sdenoe 
Gossip,"  and  are  now  published,  with  the  addition  of  many  illus- 
trations, which  answer  their  purpose,  though  they  are  of  very 
imequal  merit.     Each  chapter  contains  the  history  of  a  series  of 
rocks,  written  in  the  style  of  an  autobiography.     Tlius,  in  the  first, 
The  Story  of  a  Piece  of  Granite,  the  Granite  is  made  to  tell  its  history 
and  that  of  other  metamorphic  and  igneous  rocks.     Quartz  tells  a 
tale  of  the  oldest  stratified  rocks,  the  Laurentian ;  and  Slate  speaks 
about  the  Cambrian  epoch.     Limestone  treats  of  the  Silurian  rocks, 
and  Sandstone  of  the  Old  Bed  Sandstone  and  Devonian  rocks.    A 
Piece  of  Coal  explains  its  own  origin,  and  that  of  the  other  Car- 
boniferous rocks.     Bock'Salt  relates  how  it  was  formed  in  a  sort  of 
"  Dead  Sea,"  and  makes  some  observations  on  the  Permian  beds,  as 
well  as  the  Trias. 

A  Piece  of  Jet,  like  the  others,  gives  a  poetical  prologue,  and  of 
course  tells  about  the  "  countless  snakes  "  turned  to  stone  in  the 
Lias.  Purheck  Marble  gives  us  an  account  of  the  Oolitic  rooks,  and 
A  Piece  of  Chalk  of  the  Cretaceous  period.  A  Lump  of  Clay  tells 
of  Eocene  times,  and  A  Piece  of  Lignite  of  the  Miocene  period. 
The  Crags  tell  a  story  of  Pliocene  times,  and  A  Boulder  gives  an 
account  of  the  Glacial  period.  A  GraveUpit  discusses  the  last  changes 
and  the  appearance  of  man  as  evidenced  by  the  flint-implements  it 
has  taken  care  of. 

In  conclusion  Mr.  Taylor  gives  a  short  retrospect  or  summary  of 
geological  events  and  a  table  of  strata.  The  familiar  style  in  which 
the  book  is  written  will  no  doubt  be  attractive  to  those  who  shrink 
from  a  more  scientific  volume.  Such  readers  will  obtain  in  it  a 
very  fair  knowledge  of  geological  history,  and  we  only  hope  it  may 
stimulate  them  to  push  on  their  inquiries,  and  read  one  or* other  of 
the  elementary  text-books  we  have  before  cited. 
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Obological  Socibtt  of  London.— I. — ^March  12, 1873.— Joseph  Preetwich,  Eaq«, 
F.B.S.,  Yiee-Fremdent,  in  the  Chair.— The  following  oommonications  were  r^: — 
1.  "Note  on  some  Brachiopoda  collected  by  Mr.  Judd  from  the  Jurassic  Deposits  of 
the  East  Coast  of  Scotland."    By  Thomas  Davidson,  Esq.,  F.R.S.,  F.O.S. 

In  this  note  the  author  stated  that  four  species  of  Brachiopoda  collected  by  Mr. 
Judd  were  especially  worthy  of  notice,  two  of  them  being  quite  new,  and  two  new  to 
Britain.  Three  of  them  were  obtaineid  ftt)m  the  equivalent  of  the  Kimmeridge  Clay, 
which  was  the  more  remarkable  as  the  Brachiopoda  of  that  formation  are  compara- 
tiTely  few.  The  new  species  described  were  Ehyuehonella  Sutherlandi  and  Terebratula 
/mmm,  derived,  with  Tenbratula  humeralU^  Kom.,  from  the  Upper  Oolite  of  Garty 
in  Sutherland;  the  fourth  species  is  Terebratula  bieuffardnata^  Schlot.,  from  the 
Jjo^et  Calcareous  Grit  of  Braamberry  Hill.  This  note  is  intended  to  form  an 
appendix  to  Mr.  Judd's  paper  on  the  Secondary  Bocks  of  the  east  coast  of  Scotland, 
and  is  accompanied  by  a  plate. 

2.  **  On  »Dlfataras  and  Deposits  of  Sulphur  at  Ealamaki,  near  the  Isthmus  of 
Corinth."     By  Prof.  D.  T.  Ansted,  M.A.,  F.E.S.,  F.G.S. 

After  noting  the  traces  of  volcanic  action  east  of  the  Pindus  chain,  the  author 
described  the  Solfataras  and  sulphnr-deposits  of  the  neighbourhood  of  Ealamaki  as 
furnishing  indications  that  there  is  even  now  a  real  though  subdued  volcanic  energy 
in  this  part  of  Europe.  At  this  place,  about  three  miles  east  of  the  Isthmus  of 
Corinth,  there  is  a  series  of  cream-coloured  and  grey  gypseous  marls,  broken  by 
narrow  gorges  and  fissures.  These  marls,  the  stratification  of  which  is  much  dis- 
turbed, are  loaded  with  sulphur.  In  the  principal  gor^  there  are  several  lateral 
fissures,  forming  caverns,  communicating  with  the  interior  by  deep  cracks;  these 
caverns  are  completely  lined  with  crystals  of  sulphur  and  other  volcanic  minerals,  and 
are  rendered  inaccessible  by  the  large  body  of  hot  stifling  vapours  constantly  emitted 
through  them.  The  temperature  of  this  vapour,  where  it  can  be  reached,  is  about 
10<r  F.,  but  the  floor  of  the  caverns  is  too  hot  to  stand  on  even  near  the  entrance. 
The  author  is  of  opinion  that  the  rocks  in  this  gorge  might  be  profitably  worked  for 
sulphur.  Similar  phenomena  occur  in  several  other  places  within  about  a  mile  of  the 
ravine  described  ;  and  the  author  was  informed  that  this  was  the  case  also  several 
miles  further  to  the  east. 

The  author  adverted  to  other  signs  of  volcanic  action  to  the  west  of  these  Solfa- 
taras,  and  especially  to  the  structure  of  the  Acropolis  of  ancient  Corinth,  and  inferred 
that  lines  of  volcanic  action  parallel  to  the  spurs  of  the  Alps  of  which  Etna  and  Yesu- 
vius  and  Santorin  are  the  modern  vents,  ranged  far  to  the  north  at  no  distant  period. 

Dieeueeum, — Admiral  Spratt  mentioned  a  cape  in  the  Gulf  of  iBgina,  which  within 
the  historical  period  has  risen  to  a  consideraole  extent,  some  hundreds  of  feet,  and 
thus  illustrates  the  influence  of  modem  volcanic  action. 

Hr.  W.  W.  Smyth  wished  that  the  author  had  drawn  a  more  distinct  line  between 
the  Tertisry  beds  containing  sulphur  and  those  of  still  more  recent  origin.  The  beds 
near  Corinth  reminded  him  much  of  some  in  Transylvania,  and  he  was  anxious  to 
know  whether  the  direction  of  the  fissures  or  other  pnenomena  indicated  any  great 
disturbance  of  the  strata. 

Prof.  Ansted,  in  reply,  mentioned  that  the  fissures  ran  approximately  north  and 
south,  and  were  as  nearly  as  possible  paralleL  He  considered  that  they  were  con- 
nected with  the  disturbances  which  have  taken  place  in  comparatively  recent  times 
along  the  eastern  coast  of  the  Morea.  The  sulphur,  which  usually  occurs  in  small 
globular  masses  in  gypseous  beds,  was  found  in  these  Solfataras  in  a  crystalline  form, 
and  in  connexion  vrith  the  fissures  from  which  the  heated  gas  issues.  There  was 
therefore  a  marked  difference  in  the  manner  of  its  occurrence  both  in  Italy  and 
Greece.  In  Greece  the  sulphur  deposit  in  nodules  was  found  on  the  west  of  the 
principal  chain  of  mountains,  and  the  crystalline  sulphur  on  the  east.  In  Italy  the 
crystalline  sulphur  is  limited  to  the  ricinity  of  Vesuvius,  and  the  nodules  are  abundant 
both  in  Sicily  and  on  the  east  coast  of  the  main  land. 

3.  "  On  the  Origin  of  Clay- ironstone."    By  J.  Lucas,  Esq.,  F.G.S. 

The  author  commenced  by  giving  a  general  view  of  the  varieties,  chemical  compo- 
sition, and  mode  of  occurrence  of  Clay-ironstone,  and  suggested  that  the  formation 
of  all  the  bedded  varieties  may  be  explained  by  the  supposition  that  they  originated 
in  peaty  or  non -peaty  Woons  or  the  alluvial  flats  of  the  deltas  of  the  Carboniferous 
formations,  which  woula  present  semiterrestrial  conditions,  that  \&  tc)  %^'^  ^  ^^I'd^j^^ 
exposed  to  the  air,  hut  subject  to  he  covered  by  floods.    Cai\>ou\<^  acAi^^otxc^i^vEL^^^ 
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laffoons  fhnn  decomposing  regetable  matter,  meeting  with  protoxide  of  iron  ia 
BoTutioD,  would  unite  with  it  to  form  carbonate  of  iron,  which,  with  the  mad  of  the 
lagoon,  would  nroduce  Clay-ironstone.  Thus,  in  the  author's  opinion,  the  beds  of 
Clay-ironstone,  like  Coal-beds,  mark  terrestrial  horizons.  The  author  supportfd  his 
views  by  reference  to  various  sections,  and  also  cited  the  occurrence  of  wnat  he  re- 
garded as  an  analogous  phenomenon  on  a  small  scale  in  some  mud  obtained  from  the 
shore  between  Redcar  and  Saltbum. 

DiseussioH, — Prof.  Ansted  thought  that  the  explanation  offered  by  the  asthor, 
though  satisfactory  for  instances  of  limited  tiiickness  and  confined  area,  was  not 
equally  applicable  to  the  far  larger  deposits,  such  as  those  in  America,  extending  OTcr 
hundreds  of  square  miles,  and  many  times  as  thick  as  those  described.  The  bedi  hsd 
by  some  been  considered  as  due  to  segregation  subsequently  to  deposition  ;  but  thii 
view  also  seemed  hardly  such  as  could  be  generally  accepteo.  The  deposits  of  iron- 
stone varied  much  in  character,  sometimes  consisting  oi  layers  of  distinct  nodules, 
sometimes  of  continuous  bands.  The  origin  of  these  two  classes  appeared  to  him  to 
have  been  different,  and  in  some  of  the  Coal-deposits  the  ironstone  bands  were  present 
on  a  more  extended  scale  than  seemed  consistent  with  the  author's  theory. 

Prof  Ramsay  thought  that  the  paper  exhibited  considerable  ingenuity,  and  that 
the  examples  given  by  the  author  were  intended  by  him  to  be  eqiudly  applicable  to 
lurgc  areas.  The  estoarine  character  of  much  of  the  Cool-deposits  was  an  ac- 
knowledged fact ;  and  the  theonr  proposed  by  the  author  was  quite  in  accordance 
with  sucn  a  state  of  things,  lie  dia  not  asrree  with  him  that  ironstone  was  never 
deposited  in  marine  strata,  as  it  occurred  in  the  Toredalc  beds  and  in  some  Liassic 
beds.  As  to  the  deposits  of  ironstone  in  freshwater,  ho  referred  to  those  still  taking 
place  in  some  of  the  Swedish  lakes. 

Mr.  Forbes,  whilst  admitting  that  in  many  instances  Clay-ironstones  had  been 
deposited  in  circumscri1)ed  waters  or  shallow  laxes,  as  is  the  case  with  the  lake  iron- 
ores  in  Sweden  now  actually  in  process  of  formation,  pointed  out  that  some  of  the 
largest  Clay-ironstone  deposits  in  England,  those  of  the  Yoredale  series,  contained 
marine  fossils  in  abundance.  On  chemical  grounds  it  is  not  clear  in  what  state  of 
combination  the  author  imagines  the  iron  to  be  held  in  solution  previous  to  having 
been,  according  to  him,  converted  into  carbonate  of  iron,  by  meeting  with  the 
carbonic  acid  formed  in  the  lagoons  from  decomposing  vegetable  matter;  and  further, 
the  mere  fact  that  the  Saltbum  niu<l  effiTvcsceu  with  nitric  acid  after  having  beco 
bottled  for  some  days,  must  not  be  regarded  as  necessarily  proving  the  formation  of 
carbonate  of  iron  in  it. 

Mr.  Chnrlesworth  called  attention  to  the  nodules  of  ironstone  which  were  found  in  the 
coprolitc  diggings  in  Suffolk,  as  to  the  origin  of  which  little  was  known.  The  banding 
in  the  interior  of  these  nodules  was  posterior  to  their  formation,  as  was  eyinced  by 
its  following  the  contours  of  the  exterior,  and  even  of  lithodomous  borings  in  them. 

4.  **  Note  in  \'in(iication  of  Lepiophl<rum  rhombicum  and  Lrpidodendron  Om$* 
pianumJ*     By  Principal  Dawson,  LL.D.,  F.R.S.,  F.G.S. 

This  note  accompanied  some  photographs  of  the  remains  of  plants  referred  to,  and 
was  in  opposition  to  the  idcntificution  of  these  remains  witn  the  LepieMendron 
nothum,  Unger,  as  proposed  by  Mr.  Carruthers  in  his  Appendix  to  Mr.  Daintree*s 
paper  on  the  Geology  of  Queensland  (Q.  J.  G.  S.  1872,  vol.  xxviii.,  p.  360).  The 
author  maintained  that  his  Ltpidodendron  Oaspianum  is  distinct  from  Unger's  species, 
although  nearly  allied  to  it,  and  that  his  Dptophlceum  rhombietim  differs  from  both 
generically  and  specilicjilly.  He  tubulated  as  follows  the  characters  of  his  two  species  : — 


Stems  and  branches... 
Vascular  scars 

I  Leaves  

I 

I  Fruit , 

I  Structure , 


/ 


Lfpidodendron  Gatpianum, 

Long  and  slender;  areoles 
elongate  lanceolate. 

In  middle  of  arcolo  or  nearer 
upper  end,  according  to  the 
surface  exposed. 

Short  and  much  curved  out- 
ward. 

Small,  scaly. 

Unknown  ;  probably  allied 
to  Carboniferous  Lepido^ 
dendra. 


LeptophUemn  rhombieum. 


I 


\ 


Short  and  stout;  areoles 
regularly  or  transversely 
rhombic. 

Always  in  middle  of  azeole. 


Long  and  somewhatstraight 
and  erect. 

TK>ng,  leafy. 

Known  to  possess  a  large 
Strmbergia'jtxlYk^  and  to 
Vai.N«  v^*^^  thin  cortioal 
\v3gt. 
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le  autlior  fariher  lUted  tiiat  PmTs  genw  Btrftns  m  Cn^amknmB,  ad  oat 
man^  and  Uiat  it  hM  bo  apeciml  afEiitr  witli  ZtptM^klmmm  or  Lepidt^Uoim,  aad 
igected  to  tke  reriral  of  the  name  BerftrU. 

umMon,^ldT,  Carruthera  obaerred  tlut,  in  inTesUgaling  the  planti  labniitttd  to 
by  Mr.  Daintree,  ke  eoold  only  deal  vith  p«bli$he(f  ohtnraiians  and  drawingt  in 
lating  them  with  known  foima.  He  eoandered  that  each  fjssesatic  worker  waa 
>erty  to  review  the  eondnsionB  of  prerioos  anthon ;  and  if  he  nw  reaaou  for 
;  so,  to  treat  their  names  as  synonjnooa.  In  Lepidedemdnm  mMkmm  of  Un^ 
^▼ea  are  unknown,  but  the  leaf-sears  are  rhombic,  and  the  deoorticaied  portion 
e  stem  is  marked  with  oral  raseular  sears.  Principal  Dawson,  in  his  Lepi^ 
'on  Gaspianum,  figures  two  kinds  of  learea,  one  short  and  erect,  the  other 
T  and  outward-cunred ;  and  he  shows  the  external  leaf-scan  to  be  rhombic,  and 
lecorticated  condition  to  hare  oral  markings,  both  exactlr  as  in  £.  n^kmm  of 
ir.  No  foliage  or  fruits  of  LepiopkUtum  rkombiemm  haTe'erer  been  figured  br 
;ipal  DawBOD,  except  as  a  restoration ;  and  as  these  were  entirelr  omitted  in  his 
vork,  which  includes  the  resulu  of  his  researches,  Mr.  Carruthcn'had  determined 
lentity  with  Unger's  L.  notkmm  from  the  form  of  the  scars,  the  onlr  characten 
I  in  the  published  figurea,  or  supplied  now  bj  the  photographs  exhilnied.  Mr. 
tree's  specimens  put  it  beyond  til  doubt  that  the  suppoMd  £/mi^<TyM.pith,  on 
n  Principal  Dawson  apparently  founded  his  genus,  was  merely  the  uodereloped 
on  of  the  apex  of  the  branch.  Mr.  Carruthers  disputed  the  characters  giTea  as 
f  insufficient  to  distinguish  the  plants  as  species,  much  leas  to  iusti^r  their  bein^ 
d  in  different  genera.  Length  or  shortness  ii  obtiously  accidental  to  the  fu«sil 
lents ;  and  their  stoutness  or  slendemcss  is  dne  to  the  part  of  the  branch  to 
ti  they  originally  belonged.  The  leaf-scars  are  not  dongate  and  laneeolate,  but 
bic  in  Principal  Dawson's  figures  of  his  L.  Ga^pianum  ;  and  if  his  drawings  are 
,  the  description  of  the  leaves  as  outward-curved  must  be  wrong.  No  value  can 
tttcbed  to  the  position  of  a  vascular  bundle,  which  Dr.  Dawson  says  is  some- 
( in  the  middle  of  the  leaf-scar  in  the  one  pUnt,  and  always  in  the  middle  in  the 
-,  or  to  the  fact  (if  it  be  one)  that  the  internal  structure  in' the  one  is  known, 
n  the  other  is  unknown. 

r.  Etheridgc  corroborated  Mr.  Camithers's  views  as  to  the  identity  of  the  three 
i.  He  thought  that  the  representations  given  by  Mr.  Daintree  were  superior  as 
da  accuracy  to  those  given  by  Prof.  Dawe^n.  tie  pointed  out  that  at  the  end  of 
:he8,  where  the  scars  were  crowded  together,  it  was  almost  impossible  to  dis- 
lish  the  arrangement ;  and  he  considered  that  half  the  species  of  Lepidodettdra 
in  our  catalogues  would  on  further  examination  prove  to  have  had  no  real 
3nce.  WTc  had  only  to  look  at  a  recent  tree-fern  to  recognize  the  difficulty  of 
ing  Bpeciiic  determinations  from  small  or  imperfectly  preserved  specimens. 
,e  Chairman  remarked  that  the  Society  were  always  glad  to  receive  communica- 
from  Prof.  Dawson,  although,  of  course,  there  might  be  a  difference  of  opinion 
e  subject  of  such  obscure  fossils  as  those  under  consideration,  and  he  trusted 
a  question  of  such  importance  might  be  fairly  discussed  until  a  definite  con- 
»n  was  arrived  at. 


—March  26th,  1873.— His  Grace  the  Duke  of  Argyll,  K.T.,  F.R.S.,  President, 
le  Chair. — The  following  communications  were  read:  — 1.  **  Synopsis  of  the 
igcr  Formations  of  New  Zealand."  By  Capt.  F.  W.  Hutton/F.G.S.,  of  the 
)gical  Survey  of  New  Zealand. 

this  paper  the  author  gave  a  summary  of  the  Tertiary  and  later  Secondary  for- 
)n8  of  New  Zealand.  He  stated  that  he  had  been  able  to  determine  376  species 
lie  MoUusca,  12  of  Brachiopoda,  and  18  of  Echinodermata  from  the  Tertiaries; 
inder  each  of  the  formations  which  he  recognizes  he  gave  the  number  of  species 
ue  Mollusca  found  in  it,  indicating  the  number  of  recent  species,  and  of  those 
g^ng  to  other  formations  occurring  in  each.  He  also  noticed  the  range  and 
bution  of  the  various  formations.  The  Tertiary  groups  of  strata  distinguished 
e  author  are,  in  descending  order,  as  follows  : — I.  Pleistocene.  II.  Pliocene  : 
3  Newer  Pliocene  or  Whanganui  gproup;  2,  the  Older  Pliocene  or  Lignite  group. 
Miocene:  3,  Upper  or  Arvatere  group;  4,  Lower  or  Kanieri  group.  Iv. 
•cenc  :  6,  Upper  or  Hawke's  Bay  gproup ;  6,  Lower  or  Waitewuta  group, 
locene  :  7,  Lpper  or  Ototara  group;  8,  Lower  or  Brown  Coal  group.  As 
ging  to  the  Mesozoic  series,  the  author  also  described  beds  of  Danian  age^  under 
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the  name  of  ihe  Waipara  formatioii.  A  ipeeies  of  BtimmitdlM  oeenn  in  Ms 
belonging  to  the  Ototara  group,  and  also  in  the  Waipara  formation.  Voleanie  aetioa 
comment  in  the  North  Island  daring  the  deposition  of  the  Waitewata  group,  aad 
has  since  been  almost  continuous  in  the  northern,  western,  and  central  pats  of  the 
island.  In  the  South  Island  the  Tolcanio  formationa  appear  to  belong  to  the  later 
Cretaceous.  Oligocene,  and  Miocene  periods.  The  Tolcanie  tocka  of  the  Gbathsm 
Islands  belong  chiefly  to  the  Upper  Oligocene. 

DiMcuMioH, — Mr.  Etheridge  remarked  on  what  appeared,  from  the  anthor^a  aeeoimt, 
to  be  the  great  longevity  of  species  in  thai  part  of  the  globe.  If  the  fbrms  had  beei 
accurately  determined,  tne  pelr-centage  that  surviyed  fit>m  Eocene  and  Mioeene  times 
into  the  recent  period  was  yery  far  in  eicess  of  what  snryiyed  in  Europe.  The 
Belemnites,  if  found  in  liurope  in  Tertiary  Beds,  would  haye  been  regmrdea  as  un- 
doubtedly derived  from  some  Secondary  rock.  He  hoped  that  researchea  in  the 
Australian  Miocene  rocks  might  tiirow  seme  light  on  this  subject,  but  aa  yet  little 
had  been  done. 

Mr.  Blanford  stated  that  in  India,  so  for  as  was  known,  there  waa  a  maiked  dis- 
tinction to  be  drawn  between  the  Eocene  rocks,  which  were  mostly  Nnmmtllitic,  and 
those  of  Cretaceous  age.  In  illustration  of  the  occurrence  of  unlooked-for  forma,  be 
mentioned  the  startling  fact  that  Dr.  Waagen  had  lately  found  AmmoniUt  aaaociated 
with  Oonimtitet  in  Carboniferous  rocks. 

Prof.  T.  Rupert  Jones  recalled  the  intermingling  of  Cretaceous  and  Tertiary  genera 
in  the  north-western  territories  of  America,  and  tne  eombination  of  forms  noticed  br 
Mr.  Jenkins  in  Japanese  strata,  where  Middle  Tertiary  and  other  ahella,  which  haa 
been  regarded  as  extinct,  were  found  with  recent  species. 

Prof.  Ramsay  remarked  that  when  in  one  part  of  the  world  there  waa  unoonformity 
of  structure  and  a  break  in  the  sequence  of  the  rocks,  there  must  of  neoeaaity  hays 
been  in  some  other  part  an  undisturbed  area  in  which  the  different  forma  of  lifo  would 
have  been  presenred,  and  where,  therefore,  it  was  probable  that  the  repreaentatiyea  of 
the  Transitional  period  between  the  unconformable  rocks  would  be  found. 

2.  **  On  the  Tree-ferns  of  the  Coal-measures,  and  their  relations  to  other  liying 
and  fossil  forms."    By  W.  Carruthers,  Esq.,  F.R.S.,  F.G.8. 

Aft«r  referring  to  the  remarkably  uniform  character  of  the  order  of  Ferns  through- 
out their  whole  history  on  the  globe,  the  author  pointed  out  that  there  existed  in  the 
Coal-measures  two  very  distinct  kinds  of  fern -stems,  each  represented  by  seyeral 
species.    Both  of  these  were  very  different  from  the  Cheiepterit-gyoup  already  described 
by  the  author  in  the  Journal  of  the  Society.     The  first  group  haii  a  stem-structure 
like  that  of  living  tree-ferns.     In  them  the  vascular  elements  of  the  stem  formed  a 
closed  cylinder  round  the  pith ;  and  the  vsscular  bundles  for  the  leaves  were  given  off 
from  the  out-turned  edges  of  the  cylinder,  where,  at  regidar  intervals,  corresponding 
to  the  position  of  the  leaves,  narrow  meshes  occur  for  this  purpose.    To  this  group 
were  referred  the  stem  described  by  Lindley  and  Hutton  as  OauloptertM  Fkiliijfni, 
and  several  hitherto  undescribed  species  from  Radstock  and  Newcastle.    No  materials 
had  yet  been  detected  which  could  throw  any  light  on  the  foliage  or  fruit  of  these 
fcm-stetns.    The  second  group  included  some  stems  the  casts  of  which  the  author 
had  obtained  from  Radstock,  and  the  root-structures  from  Halifax.     By  the  help  of 
a  fine  series  of  specimens  in  the  collections  of  the  British  Museum,  he  waa  able  to 
correlate  the  difi'erent  parts  of  these  plants.    The  stems  had  been  described  by^  Corda 
under  the  name  of  Stetnmatnpteris,    They  differed  from  the  other  group  chiefly  in 
having  the  ends  of  the  vascular  plates,  as  seen  in  the  transverse  section,  turned  in- 
wards, and  having  the  bundles  of  the  leaves  formed  in  a  complete  condition  in  the 
axis  of  the  stem.     The  author  showed  that  the  relation  of  the  different  parts  of  the 
stem  in  the  species  of  Cauiopteris  was  the  same  as  in  a  first  year's  dicotyledon,  while 
in  the  latter  group  the  analogy  of  the  structures  was  witn  the  monocotyledonous 
stem.    The  roots,  which  surrounded  the  older  portions  of  the  stem,  formed  the  well- 
known  ^enus  Psaroniua  of  Cotta;  and  as  this  was  the  earlier  name,  it  was  proposed  to 
retain  it  for  the  genus.    There  was  associated  with  all  the  fine  specimens^  of  this 
poup,  which  he  had  received  from  J.  M^Murtrie,  £sa.,  F.G.S.,  foliage  which  had 
been  described  as  Cyatheitea  arborcscms.    Although  tnis  had  not  been  observed  or- 
ganically connected  with  the  stems,  the  author  adduced  several  reasons  for  believing 
that  it  belonged  to  them.     If  this  connexion  could  be  established,  it  was  of  the 
greater  importance,  as  this  form  was  known  in  fruit ;  and  the  fruit  established  that 
Its  affinities  were  with  the  living  Alsophilas  and  Cyatheas.    Many  species  of  this 
genus  occurred  in  the  continental  coal-fields ;  but  the  author  belieyed  that  all  the 


OeohgM^  Awociation.  S37 

spedmenB  found  in  Enylandi  though  differing  oonsiderablj  amongst  themaelTes, 
telonged  to  a  single  speaes. 

JHtemation, — Irofl  Knpert  Jones  remarked  on  the  comhination  of  organs  fonnd  in 
the  older  forms  of  Tegetable  and  animal  life  which  were  now  found  separate,  and 
attacked  to  different  gronpa. 

3.  ^  Notes  on  the  Qeologj  of  Sazirtin,  Persia."  By  A.  H.  Sohindler,  Esq.  Com- 
municated by  Joseph  Prestwich,  Esq.,  F.R.S.,  V.P.G.S. 

In  this  paper,  which  accompanied  a  series  of  specimens  presented  to  the  Museum 
of  the  Society,  the  author  described  the  section  presented  by  the  hills  in  the  neigh- 
bourhood of  Kazirdn.  The  general  surface  was  described  as  consisting  of  nearly 
nnfossiUferous  Post-tertiary  deposits,  immediately  beneath  which  is  an  unstratiAad 
marine  deposit  containing  a  great  abundance  of  fossils,  among  which  are  species  of 
(htrea,  PeeUn^  and  Cidarit  (F).  Below  this  deposit  is  a  succession  of  strata,  repeated 
several  times  in  the  hills,  and  at  the  bottom  of  tiie  series  in  each  case  is  a  bed  of 
gypsum.  The  spaces  between  the  recurrent  series  are  filled  up  with  conglomerates. . 
Beneath  the  gypseous  series  is  a  formation  of  compact  limestone,  which  rises  to  a 
height  of  about  1600  feet  both  north  and  south  of  the  plain  of  Kazirtin ;  its  beds  dip 
25**,  and  their  strike  is  from  N.E.  to  S.W.  The  author  mentioned  the  occurrence  in 
A  gypeum  quarry  near  Kazirtin  of  three  long  cylinders  from  6  to  10  feet  in  diameter, 
composed  of  the  same  material  as  the  surrounding  rock.  He  also  stated  that  he  had 
examined  sereral  caTcms  in  the  neighbouring  mountains,  and  also  the  great  cave  at 
fihahpoor,  but  without  discorering  any  orgamc  remains. 

JHseusMon. — Mr.  Etheri^ge  was  inclined  to  regard  the  specimens  exhibited  as 
probably  of  Miocene  age.  Some  of  the  Pectens  resembled^ those  from  Malta,  and  a 
Crinoid  appeared  also  not  to  belong  to  an  earlier  stage  than  the  Miocene. 

Mr.  Blanford  mentioned  that  at  Shirai  the  formation  was  nummulitic,  but  along 
die  shores  of  the  Persian  Gulf  the  beds  appeared  to  be  of  more  recent  age.  containing 
^  some  existing  forms.    He  thought  that  possibly  the  beds  described  at  Kazirtin  be- 
longed to  the  same  series.     He  did  not,  nowever,  recognize  any  of  the  few  fossils 
exhibited  as  belonging  to  the  rocks  on  the  shore  of  the  Gulf. 


GsoLOOiSTs'  Association. — April  4th,  1873. — Professor  Morris,  F.G.S.,  Vice- 
President,  in  the  Chair. — 1.  *'  On  the  Diamond-fields  of  South  Africa,"  by  G.  C. 
Cooper,  Esq. 

The  theory  of  an  igneous  actiQU  upon  the  spot  at  which  the  diamonds  are  now 
found  being  the  explanation  required  to  solve  the  problem  of  their  origin,  was  opposed 
by  the  author,  who  adduced  facts  from  his  obseryation  in  support  of  the  opposite 
eoncluston.  He  did  not  consider  that  the  numerous  trap-dykes  which  characterize 
the  South  African  Diamond  Fields  had  broken  through  the  present  surface,  which,  on 
the  contrary,  had  been  produced,  he  believed,  by  the  accumulation  of  materials  brought 
by  aqueous  agency  subsequent  to  the  Tolcanic  action  which  had  formed  the  dykes. 
Ijiese  materisds  consisted  of  a  surface  layer  of  red  sand,  overlying  a  bed  from  five  to 
seven  feet  thick,  of  fragments  of  "  lime  and  claystone " ;  and  beneath  this  the 
diamantiferous  marl  or  *' stuff'*  is  reached.  Steatitic  or  magncsian  matter  forms 
a  considerable  proportion  of  the  "stuff,"  which  it  was  contended  may  have  been 
brought  from  magnesian  rocks  at  a  considerable  distonce  by  water,  and  possibly  by 
ice-action,  and  deposited  in  the  hollows  between  the  trap-dykes,  and  that  these  mag- 
nesian rocks  may  nave  been  the  original  matrix  of  the  diamonds. 

2.  "  On  some  Fossils  from  the  Cnalk  of  Margate,"  by  J.  "W.  Wetherell,  Esq. 

The  author  had  devoted  some  time  and  attention  to  the  exploration  of  the  Chalk 
in  the  immediate  neighbourhood  of  Margate,  and  had  obteined  as  a  result  a  large 
number  of  species  of  fossils,  a  list  of  which  was  given,  with  rcmarlis  as  to  their  re- 
lative abundance.  In  addition  to  many  genera  usually  common  in  the  Upper  Chalk, 
Bdemnitella  appears  to  be  well  represented  in  the  Margate  Chalk,  and  Ammonites 
are  also  found ;  but  perhaps  the  most  abundant  fossil  is  the  Coacinopora  globularu^ 
which  varies  in  size  from  that  of  a  walnut  to  a  pin's  head.  Crystals  of  selenites  were 
found  as  well  as  concretions  of  iron  pyrites,  but  minerals  are  by  no  means  common 
in  the  Chalk  of  Margate. 
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I. — On  SoLASPia  bmricbus,  and  on  the  Belationships  of  the 
FisH-QSNCSA  Ftmraspjs,  Ctateaspis,  and  ScAPHASPI8> 

By  E.  Bay  Lankbstbb,  M.A. 
Fellow  of  Exeter  College,  Oxford. 

(PLATE  X.) 

rpHE  paper  of  Dr.  A.  Eunth,  ''  Ueber  Pteraspie,"  Zeitsohr.  der 
JL  Deutsohen  Greol.  Gesellsch.^  1872,  Hft.  1,  came  into  my  hands 
at  a  time  when  I  had  just  been  examining  the  specimen  of  which 
a  restored  figure  is  given  in  the  Plate  accompanying  this  paper.  I 
took  an  early  opportunity  of  replying  to  Dr.  Kunth's  adventurous ' 
assertions  in  the  Academy,  and  the  remarks  then  made  have  been 
reproduced  m  this  Journal  (April,  1873).  I  need,  therefore,  here,  in 
reference  to  that  matter,  only  make  one  or  two  additional  observa- 
tions Dr.  Eunth  based  his  statements  on  a  single  specimen  in  a 
bad  state  of  preservation.  His  figure  shows  how  inadequate  the 
specimen  is  to  support  his  views.  Out  of  the  many  hundreds — I  may 
even  say  thousands— -of  specimens  of  Heierosiraci  which  have  passed 
through  my  hands,  I  could  easily  pick  several  exhibiting  all  varieties 
of  juxtaposition  of  Fteraapia  with  Scaphaapis,  and  of  specimens  of 
a  single  species  of  either  genus  with  other  specimens  of  the  same 
species.  The  packing  of  several  shields  one  within  another  not 
unfrequently  occurs,  as  happens  very  generally  in  the  embedding  of 
concave  shells.  The  mere  association  of  these  shields,  as  in  GaUicia 
and  in  Herefordshire,  is  not  a  phenomenon  on  which  any  one 
familiar  with  them — throligh  examination  of  numbers  of  specimens 
from  various  localities — would  ventuie  to  base  any  argument  as  to 
structural  connexion.  Dr.  Kunth  has  been  misled  in  this  respect 
by  the  isolation  of  his  drift-block.  The  lateral  piece  between  **head  " 
and  ''tail"  shield,  which  Eunth  accepts  as  a  locomotive  or  mastica- 
tory organ  with  so  much  facility,  is  simply  an  indefinite  fragment ;  as 
are  the  supposed  indications  of  a  jointed  body -structure  or  segments 
lying  between  head  and  tail  plate,  which  Eunth  tells  us  are 
altogether  disarranged,  and  which  he  could  not  develope  from  the 
matrix.  If  we  were  to  proceed  in  Dr.  Eunth's  way  in  the  interpre- 
tation of  some  of  our  crowded  specimens  of  Herefordshire  Setero- 
$traei,  or  with  those  slabs  containing  Scaphaspia  shields  and  frag- 
ments of  every  shape  and  size  from  the  Cornish  coast,  it  would  be 
easy  to  make  out  that  the  Heierosiraci  were  turtles,  qtoqi(^^\\!^^^ 
VOL.  X.— Ko.  omi.  \^ 
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MR.  WILLIAM  HARDING  BEN8TED. 

Wb  regret  to  have  to  record  the  death  of  W.  H.  Bensted,  Esq., 
which  took  place  at  his  residence  near  Maidstone,  on  the  2nd  of 
April,  at  the  age  of  71. 

Mr.  Bensted  was  well  known  to  Geologists  as  the  proprietor  and 
worker  of  the  extensive  and  interesting  Kentish  Bag  quarries,  near 
Maidstone,  in  which  he  discovered,  in  1834,  the  greater  portion  of 
the  skeleton  of  an  Iguanodon.  This  specimen,  the  only  one  as  yet 
discovered  in  which  the  bones  of  the  same  individual  have  been 
found  in  juxtaposition,  was  first  described  and  figured  by  Dr. 
Mantell,  in  whose  museum  at  Brighton  it  formed  a  principal  object 
of  attraction,  previous  to  its  purchase  for  the  National  Collection. 
It  was  subsequently  described  and  figured  by  Prof.  Owen,  in  a  Mono- 
graph for  the  PalsBontographical  Society  for  1851,  and  more  recently 
by  Prof.  Huxley ;  and  it  has  furnished  the  best  data  to  each  of  these 
authors,  for  the  reconstruction  of  the  skeleton  of  this  huge  extinct 
reptile.  Among  other  remains  found  by  Mr.  Bensted  in  these 
quarries,  may  be  mentioned  a  new  species  of  PJenosaurus  (P.  lati$- 
pinuSf  Owen),  and  two  fossil  plants,  Ahietites  Benatedi  and  Draeana 
Benstedi;  these  are  preserved  in  the  British  Museum,  and  varioos 
vertebrate  and  invertebrate  remains  have  been  deposited  by  him  in 
the  Charles  Museum  at  Maidstone,  an  Institution  in  which  he  took 
great  interest. 

He  was  the  firat  to  direct  Dr.  Mantell's  attention  to  the  amorphous 
nodules  and  carbonaceous  substance  found  in,  and  intermingled  with 
the  shells  of  Trigonia  and  other  mollusks,  and  to  suggest  that  these 
substances  are  the  remains  of  the  soft  bodies  of  the  molluscous  sheUs 
with  which  they  are  associated,  and  which  has  been  named  by  Dr. 
Mantell  '*  Molluskite"  ("Medals  of  Creation,"  p.  431). 

Mr.  Bensted  was  also  the  discoverer,  in  the  Chalk  of  Burham,  of 
the  small  marine  turtle  which  bears  his  name  {Chelone  Benstedi).  It 
was  first  described  by  Dr.  Mantell  as  a  species  of  Emys  in  the 
Philosophical  Transactions  in  1841,  and  again  by  Prof.  Owen,  who 
determined  its  true  affinity,  in  his  Monograph  of  British  Fossil 
Eeptiles  in  1851. 

This  specimen,  which  is  also  in  the  National  Collection,  is  valuable 
as  being  the  first  which  conclusively  determined  the  existence  of 
marine  turtles  during  the  period  of  the  deposition  of  our  English  Chalk. 

He  published  in  the  fifth  volume  of  the  "Geologist"  some 
interesting  and  valuable  papers  on  the  '-'Geology  of  Maidstone," 
which  contain  an  excellent  description  of  the  various  beds  or 
divisions  of  the  Kentish  Rag.'  His  knowledge  of  the  geology  of  the 
country  surrounding  that  town,  rendered  his  services  as  an  intelli- 
gent and  able  guide,  and  expounder  of  its  Cretaceous  and  Tertiary 
deposits,  in  much  request  by  geological  visitors  and  excursionists  to 
that  neighbourhood,  services  which  he  was  always  ready  with  cordial 
geniality  to  tender.  W.  D. 

1  Geologist,  1862,  Vol  V^  p.  294,  p.  384,  p.  378,  p.  447. 
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orbital  notch  they  are  also  diapoaed,  in  oorreapondence  with  the  in- 
dented oontour-line.  Other  irregolaritiea  in  the  aarface-atriatioiu 
are  beat  appreciated  by  an  examination  of  the  figure,  which  is  a 
faithful  representation  of  the  specimen,  restored  only  in  so  fiur  u 
one  side  is  conolasive  as  to  the  other. 

On  this  shield  are  a  yery  large  series  of  those  minute  indentatioDB 
arranged  in  linear  series — looking  like  short  scratches  made  with  t 
pin  on  the  sur&ce  of  a  soft  substance — the  existence  of  which  I 
have  pointed  out  and  figured  in  ScaphcLBpii  Uoydii,  and  in  PieroMfiU 
ro8trcUu8  and  Crauehii,  They  are  well  seen  in  the  restorations,  figa 
8  and  9  of  pi.  vii.  and  in  figs.  1  and  4  of  pL  i.  of  the  Monogr;Bq[>h. 
There  is  little  doubt  that  they  are  the  sites  of  soft  tegumentary  struc- 
tures, in  all  probability  of  those  characteristic  sensory-follicles  of 
fishes,  with  which  they  agree  in  disposition.  The  occurrence  of 
these  ''  pits  "  in  Scaphaapia  and  Pteraspin  is  an  additional  piece  of 
evidence,  confirmatory  of  the  fish-origin  of  the  shields  of  Beterostrad, 
which  Eunth  has  ignored.  The  disposition  of  the  pits  in  Holaapu 
will  be  best  understood  by  an  examination  of  the  figure.  (Plate  X.) 

The  detection  of  this  new  form  of  Heterostracous  fish  is  satisfactoiy 
on  other  grounds  besides  the  demonstration  it  affords  of  a  transition 
from  the  simpler  form  of  Scaphaspis  to  the  more  elaborate  PteratpU, 
It  justifies  tiie  expectation  that  the  Comstone  fisheries  have  not  yet 
been  exhausted  by  the  geologists  of  the  Welsh  border,  and  we  may 
with  hopefulness  urge  them  to  continue  their  labours.  Well-preserred 
bodies  with  fins  and  scales  of  Fteraspia  and  Scaphaepia,  additional 
evidence  of  the  post-cephalic  scutes  of  Zenaspia  Salweyi,  and  alto- 
gether new  forms  of  allied  genera,  are  waiting  for  their  hammers. 

In  addition  to  Eunth*s  and  Magister  Schmidt's  expressions  of 
dissent,  there  is  yet  a  third  attack  upon  some  of  the  views  put 
forward  in  my  Monograph  which  has  to  be  met,  and  is  in  fact 
answered  by  what  has  been  said  above.  Yon  Eichwald,  in  a  paper 
presented  to  the  Society  of  Naturalists  of  Moscow,  Srd  October, 
1 871,  has  some  observations  on  PaloBoteuthia.  -  I  am  acquainted  with 
his  paper  through  a  translation  contained  in  M.  de  Lacaze  Duthiers* 
admirable  Archives  de  Zoologie,  Jan.,  1873.  With  all  due  regard  to 
Eichwald's  opinion,  I  must  point  out  that  it  is  lamentably  devoid  of 
basis.  If  he  bad  only  seen  a  few  or  even  one  specimen  of  each 
genus  from  our  English  localities,  he  could  not  possibly  have  main- 
tained it.  Eichwald  admits  that  Pteraapis  (as  limited  by  me)  is  a 
fish,  but  he  maintains  that  Scaphaspis  is  a  cuttle-bone,  and  piulicu- 
lurizes  Scaphaspis  (Palaoteuthis)  Dunensis,  and  Sc,  Kneri.  The 
fact  is — which  Eichwald  has  never  had  an  opportunity  of  observing — 
that  the  minute  markings  and  structure  of  Pteraspis  and  Scaphaspi$ 
(Sc,  lAoydiiy  rectuSf  and  8c,  Kneri  especially),  are  so  exactly  like 
those  of  Pteraspis  that  their  agreement  is  appealed  to  as  support  for 
the  view  that  they  are  as  Dr.  Eunth  maintained — parts  of  one 
animal.  That  whatever  may  be  the  nature  of  Pteraspis,  the  same 
nature  belongs  also  to  Scaphaspis,  is  beyond  all  possibility  of  doubt 
established. 

I  must  again  mention  what  I  published  some  two  years  sinoe 
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in  ihe  Osolooioal  Maoazimk,  yiz.  that  I  was  enabled  after  a  long 
day*8  searching  with  Dr.  Beuss,  at  Vienna,  to  examine  Ener's 
original  specimenB  from  Qallicia,  and  that  although  from  Kner's 
figoie  I  was  led  to  ooin  the  name  8c,  Knert,  yet  had  these  specimens 
been  placed  before  me,  I  should  have  mistaJcen  them  for  Hereford- 
shire specimens  of  8e,  Lloydii — so  closely  in  every  detail  of  stnicture 
and  marking  and  mode  of  weathering  did  the  Qallician  fossils  cor- 
respond with  the  English  one&  I  have  also  previonsly  noticed  the 
hot  that  FteroBpU  was  present  as  well  as  Scajphaspi^  in  some  of 
Kner's  specimens. 

I  have  not  yet  had  the  opportmiity  of  reading  H^r  Magister 
Schmidt's  paper  on  TrematoipiBf  and  may  probably  have  some  ad- 
ditional remarks  to  make  when  I  have  managed  to  get  a  sight  of 
what  must  be  a  very  interesting  memoir. 

n. — On  Book  Fissubiho. 

By  J.  Gloton  Wabd,  F.G.S^ 
Aitociate  of  the  Boyal  School  of  Mines ;  of  Her  Majesty's  Gtoologioal  Snnrej. 

MANY  curious  cases  of  rock  fissuring  have  attracted  my  attention 
while  woAing  out  the  geology  of  part  of  the  English  Lake- 
district  A  notice  of  some  few  of  them  may  perhaps  draw  forth 
remarks  from  those  who  have  had  longer  and  wider  experience  in 
the  field  of  nature. 

First,  as  to  the  facts  observed.  Most  of  the  instances  I  shall  men- 
tion are  those  of  fissures  in  mountain  masses,  into  which  rock-frag- 
ments have  fallen  more  or  less  from  either  or  both  sides,  but  of 
which  there  is  no  indication  upon  the  flanks  of  the  mountains  in  the 
form  of  slips.  A  notable  case  is  that  of  Helm  Crag,  near  Grasmere, 
well  worthy  of  a  visit  from  the  geologist  or  the  mere  searcher  after 
the  picturesque.  The  summit  of  The  Helm  (1298  ft.)  is  traversed 
by  several  parallel,  narrow,  but  deep  fissures,  into  which  the  rocky 
fragments  on  both  sides  have  fallen,  and  the  conspicuous  rocks, 
"The  Old  Woman  Cowering"  and  "The  Lion  and  the  Lamb,"  occur 
along  the  lines  of  fissure. 

I  had  long  been  struck  with  the  resemblance  of  certain  rocks  on 
Rosthwaite  Fell  (just  N.W.  of  Glararaara),  as  seen  from  below 
Rosthwaite,  to  those  on  the  Helm  Crag,  and  on  going  over  the 
ground  I  found  that  they  also  were  rock-masses  tumbled  along  short 
parallel  lines  of  fissure,  only  the  fissures  were  not  so  deep  or  well- 
marked  as  on  Tlie  Helm.  This  craggy  spot  goes  by  the  name  of 
Rosthwaite  Cam,  and  is  2000  ft.  in  height. 

Upon  the  summit  of  Kirk  Fell,  2630ft.  (just  west  of  Great  Gable), 
are  a  number  of  felspar-porphyry  and  syenite  dykes  running  north 
and  south,  which  are  generally  marked  by  more  or  less  of  a  track 
over  the  ground,  «uid  west  of  these,  and  having  nothing  to  do  with 
the  trap-dykes,  are  a  number  of  linear  depressions  or  trenches  meeting; 
one  another  at  various  angles,  and  frequently  having  one  side  covered 
thickly  with  large  angular  tumbled  blocks.  Some  of  these  present 
a  grassy  side  and  bottom,  faced  by  a  steep  wall  of  blocky  fragments. 
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None  of  them  are  mncli  more  than  from  12ft  to  20fl.  in  depth,  tad 
the  J  are  found  not  on  the  steep  weetenn  sides  of  the  momitain,  but 
for  the  most  part  on  the  stony  tahle-Iaad  ahove  the  2000  ft  oontovr. 
They  differ  from  the  fissores  of  Helm  Crag  in  being  closed  sad 
often  grassy  along  their  beds.  In  one  ease  I  fonnd  that  a  wdl- 
marked  and  long  trench  joined  np  to  the  line  of  a  small  faults 

Perhaps,  however,  the  finest  instance  of  this  fissoring  is  that  npoii 
the  mountain-top  just  north-east  of  lUgill  Head,  overhanging  Wsit- 
water,  a  continuation  of  the  line  of  on^gy  mountain  forming  ths 
Screes.  The  steep  mountain-side  above  the  lake  presents  no  appear- 
ance of  slips,  but  on  the  summit  the  ground  is  cut  np  in  the  most 
nmrvellous  manner  by  fissures  for  the  most  part  running  in  the  same 
direction  as  the  hill-side.  They  are  roughly  parallel  to  one  another, 
and  present  a  plan  of  what  might  be  an  area  of  faulted  oonnttyi  in 
which  the  inequalities  at  the  surface  had  been  produced  more  quiddj 
than  the  denuding  agents  could  remove  or  soften  them  down.  In 
cue  place  may  be  seen  a  line  of  tumbled  craggy  rocks  upon  one  side 
of  a  line  of  fissure,  the  ground  being  depressed  upon  the  other  side ; 
and  in  another  place  the  apparent  subsidence,  or  throw,  has  taken 
place  in  an  opposite  direction  i  while  there  is  at  least  one  good 
example  of  a  tract  of  ground  let  down  between  two  parallel  fissuies, 
reminding  one  of  a  trough  fault. 

There  are  many  other  oases  in  the  district  of  a  similar  natnre  to 
the  alK)ve.  though  not  always  so  well  marked,  but  in  all  those  just 
noticed  there  is  no  indication  of  a  slipping  away  of  the  hill-side. 
Instances  where  there  is  this  indication  are  more  fr^uent,  but  then 
it  is  not  the  mountain-top  tliat  is  fissured,  but  the  mountain-side. 

The  examples  mentioned  above,  all  occur  in  rocks  of  the  Borrow- 
dale  Volcanic  Series  (Green  Slates  and  Porphyries),  nor  have  I  yet 
noticed  any  good  cases  of  this  class  among  the  mountains  made  up 
of  the  Skiddaw  Slates.  Uow  are  such  fissures  to  be  aocounted  for? 
Does  any  one  of  the  following  suppositions  seem  likely  ? — 

1.  That  they  are  strictly  of  the  nature  of  slips  ;  that  is,  the  mass 
of  the  mountain,  or  any  part  of  its  mass,  is  pressing  outwards  or 
towards  the  flanks. 

2.  That  they  have  been  caused  by  earthquake  shocks,  perhaps 
very  long  since. 

3.  That  they  are  the  outward  expressions  of  faults  slowly  taking 
])laco,  fiind  represent  much  greater  disturbances  or  shifts  at  oonsider- 
able  depths. 

I  can  conceive  of  no  other  theories  than  these  to  account  ficnr  their 
formation.  Let  us  consider  their  respective  merits.  With  regard 
to  (1)  the  facts  that  the  niountain-0tde  has  no  slipped  appearance, 
and  that  the  fissures  often  occur  on  a  more  or  less  flat-topped  moun- 
tain, are  against  this  supposition,  though  the  ease  with  whioh  one 
can  imagine  a  great  slip  inclines  one  rather  naturally  towards  it. 

I'hat  (2)  is  a  possible  cause  no  one  will  deny,  though  in  this  ease 
it  seems  almost  strange  that  the  fissures  should  not  be  more  frequent 
than  they  ore,  seeing  tliat  the  shocks  must  always  have  been  mors 
or  less  felt  over  so  small  a  district  whenever  they  ooourred  strongly 
at  one  part. 
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Against  (3)  an  objection  might  be  raised  that  thej  occurred  only 
among  certain  rooks  of  the  districti  whereas  faults  would  be  likely 
to  be  found  without  any  suoh  marked  restriction.  But  I  do  not 
tiiink  anoh  an  objection  would  hold;  the  non-occurrence  of  the 
fiajBures  of  this  class  among  the  Skiddaw  Slate  mountains  is  probably 
due  to  the  nature  of  the  rock ;  if  fissured  gradually,  or  even  sud- 
denly, the  readily  splintering  and  shivering  slate  would  dose  the 
orack  almost  directly,  so  that  it  would  be  unperceived,  whereas 
among  the  hard  and  Uachy  rocks  of  the  Volcanic  Series  the  fissure 
would  stand  open,  or  have  large  angular  blocks  wedged  in  it 

Hiere  is  certainly  no  reason  why  faults  should  not  now  be  in  pro- 
cess of  formation  beneath  our  feet ;  the  action  may  be  imperceptible 
because  so  slow,  and  denudation  may  be  obliterating  any  outward 
marks  of  faulting  as  fast  as  they  tend  to  be  formed.  Many  faults 
may  be  produced  among  rocks  deep  down,  without  the  topmost 
layers  being  disturbed,  as  is  occasionally  proved  in  collieries,  where 
a  fEiult  sometimes  affects  a  lower  bed  of  coal  but  not  an  upper ;  but 
in  some  cases,  at  all  events,  the  faulting  action  might  reach  the 
surface.  If  such  action  took  place  gradually,  one  would  not  expect 
to  meet  with  much  surface  evidence  of  it  among  soft  rocks,  in 
which  abrupt  inequalities  would  be  smoothed  down  as  fast  as 
formed ;  or  over  those  areas  which  have  only  been  dry  land  for  a 
short  period ;  but  rather  among  hard  jointed  rocks,  and  over  areas 
which  have  existed  as  dry  land  for  long  periods  of  time.  Now  as 
regards  this  last  point,  I  think  there  is  every  evidence  to  show  that 
the  mountain  district  of  Cumberland  and  Westmoreland  has  existed 
as  an  area  of  dry  land  ever  since  the  close  of  the  Carboniferous 
Period,  or  perhaps  since  that  of  the  Old  Bed,  with  the  exception  of 
the  partial  submergence  during  Glacial  times,  when  the  higher 
mountain  tops  were  even  then  above  water.  Still  the  time  since 
the  close  of  the  Glacial  Period  is  itself  so  great,  that  longer  periods 
may  be  left  out  of  reckoning,  and  moreover,  any  open  fissures  or 
great  rents  would  probably  be  completely  e£&u)ed  by  the  movements 
of  snow  and  ice  over  a  rocky  country  strewn  with  fragments. 

On  the  whole,  I  am  rather  inclined  to  think  that  supposition  (2) 
is  the  simplest,  and  the  simplest  is  generally  the  truest ;  but  at  the 
same  time  the  mind  is  greatly  tempted  to  dwell  on  any  indications 
of  great  forces — the  former  effects  of  which  we  see  around  us — still 
working  quietly  and  effectively. 

Before  closing  the  subject,  I  should  like  to  say  a  few  words  upon 
the  singularly  stony  nature  of  the  summit  of  Scafell  Pikes  and  some 
other  mountains.  In  the  case  of  Scafell,  the  summit  of  the  moun- 
tain as  far  as  Great  End  is  thickly  strewn  over  with  large  rough 
blocks  of  stone,  so  that  one's  progression  is  often  limited  to  jump- 
ing from  block  to  block.  The  masses  are  not  travelled,  but  are 
evidently  lying  only  just  out  of  place.  Last  summer  I  carefidly 
examined  some  of  Uie  rock-masses  which  were  still  in  place,  and 
found  them  often  much  jointed  and  fissured,  the  blocky  fragments 
tending  to  topple  over  into  the  fissures.  At  one  spot  this  was  par- 
ticularly well  seen, — a  fissure  traversed  a  well-jointed  mass  of  close 
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altered  ash,  along  its  line  blocks  were  fiJling  into  it  at  vazimiB 
angles,  and  on  eitiber  side  the  rock  was  shattered,  and  its  parts  more 
or  less  displaced.  On  seeing  this  instance,  the  thought  was  at  onoe 
suggested  that  the  blockj  nature  of  the  ground  was  due  to  rock 
fissuring  and  rock  weathering,  and  further  examination  Beemed  to 
lend  support  to  this  view. 

If  I  remember  aright,  Darwin,  in  his  "  Voyage  of  a  Naturalist," 
describes  some  singularly  stony  and  blocky  ground  on  hills  in  the 
Falkland  Islands,  to  which  the  Scafell  tract  would  seem  somewbst 
similar,  but  the  cause  of  which  vras  not  very  evident  Is  it  possiUe 
that  the  explanation  just  applied  to  Scafell  might  apply  to  this 
case  also? 

Keswick,  April  4<A,  1873. 

P.S. — The  above  article  was  already  in  type  when  Dr.  Hibketts* 
communication  on  ''Fissures,  Faults,  eta,"  s^peared  in  the  May 
Number  of  this  Maoazink.  I  do  not  see,  however,  that  he  throws 
any  light  on  the  formation  of  fissures,  since  in  Dr.  Bicketts'  opinion 
earthquake  shocks  are  produced  by  the  action  of  faulting,  and 
**  proAious  to  a  fault  being  formed,  a  fissure  must  have  taken  place*' 
(p.  204).  What  is  the  precise  cause  of  the  first  formed  fissure,  Dr. 
Bicketts  does  not  state  ;  but  it  is  clear  he  does  not  connect  it  with 
earthquake  shocks.  Space  will  not  permit  me  to  do  more  at  present 
than  add  this  postscript. — J.  C.  W. 

Keswicx,  Map  20th. 

III. — On   the  Fokmation   op   Mountains,   with   a  Cbitique  on 

Captain  Hutton's  Lecture. 

By  Rev.  0.  Fibher,  F.G.S. 

THE  subject  of  Captain  Hutton's  lecture,*  on  the  Formation  of 
Mountains,  delivered  at  Wellington,  New  Zealand,  is  one  which 
has  engaged  a  good  deal  of  my  attention,  and  was  discussed  by  me 
in  a  paper  read  before  the  Cambridge  Philosophical  Society,  and 
printed  in  their  Tranaactians,'^  In  that  paper  I  attributed  the  ele- 
vating force,  which  has  raised  mountain  ranges,  to  the  contraction  of 
the  heated  interior  of  the  earth,  and  subsequent  wrinkling  of  the 
crust  60  as  to  accommodate  itself  to  the  diminished  nucleus.  This  was 
an  old  hypothesis,  but  I  believe  the  amount  of  horizontal  pressure 
produced  in  that  manner  had  not  been  estimated  before.  Mr. 
Mallot,  the  eminent  seismologist,  read  a  paper  on  the  same  subject 
before  the  Royal  Society  in  May,  1872,  in  ignorance  of  what  I  had 
written,  and  came  to  the  same  conclusion  as  myself  as  to  the  amount 
of  the  horizontal  pressure.  And  the  late  well-known  mathematicisn, 
Archdeacon  Pratt,  in  a  note  to  the  last  edition  of  his  *  Figure  of  the 
Earth,*'  indorsed  my  result,  which  I  give  in  his  words:  **  The  Rev. 
0.  Fisher  shows,  that  the  horizontal  force  of  compression,  thrown 
into  a  stratum  at  the  earth's  surface,  by  the  shrinking  of  the  parts 

>  Geol.  Mao.,  Vol.  X.,  p.  166. 

*  Vol.  xi.,  part  iii.     See  also  Geol.  Mao.,  Vol.  V.,  p/493. 

'  Figure  of  the  Earth,  fourth  edition,  p.  203,  note. 
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below  it,  will  equal  the  weight  of  a  piece  of  rock  of  the  same  section 
as  the  stratum,  and  2000  miles  long,  enough  to  crumple  up  and 
distort  any  rocks." 

Captain  Hutton  supposes,  after  Babbage,  that  the  deposition  of  a 
stratum  at  the  bottom  of  the  ocean  would  raise  the  temperature  of 
the  rocks  underlying  the  original  surface  by  2^  Fahr.  for  every  100 
feet  laid  down  upon  it,  and  ''  that  the  irresistible  pressure  caused  by 
the  expansion  of  the  rock  could  only  be  relieved  by  the  whole 
stratum  bulging  upwards,  and  forming  an  arch,  or,  more  properly,  a 
dome."  And,  by  calculating  the  altitude  of  this  arch,  he  deduces 
the  height  of  the  resulting  mountains. 

My  present  object  is  to  explain  why  I  think  this  reasoning  not 
conclusive.  For  the  theory  is  one  that  would  be  likely  to  obtain 
favour,  partly  because  it  appeals  to  the  known  denudation  of  the 
surface,  which  has  been  lately  so  well  estimated  by  Mr.  Croll  and 
others,  and  partly  because  it  seems  to  support  those  uniformitarian 
doctrines,  which  are  supposed  to  be  of  paramount  value  in  geological 
speculation.  I  also  wish  to  bring  forward  some  general  conclusions 
which  have  occurred  to  me  in  the  course  of  testing  the  proposed 
theory. 

In  the  first  place,  then,  I  think  that  Captain  Hutton  is  mistaken  in 
his  notion  of  the  conditions  of  equilibrium  of  the  crust  He  says, 
*'  Each  portion  of  this  rigid  crust  must  be  maintained  in  its  place  by 
three  forces,  viz.  its  weight,  the  lateral  thrust  of  the  arch,  and  the 
outward  pressure  of  the  superheated  interior,"  where,  by  the  "  thrust 
of  the  arch,"  he  seems  to  mean  the  horizontal  pressures  at  the  ends 
of  a  section  of  the  crust  considered  as  a  spherical  rigid  shell.  Now 
we  have  no  right  to  consider  the  crust  rigid  ^  when  regarded  in  por- 
tions  of  sufficient  dimensions  to  admit  of  these  lateral  pressures  being 
otherwise  than  sensibly  in  the  same  straight  line  but  in  opposite  di- 
rections. It  is  also  evident  by  the  merest  inspection  of  any  natural 
section  that  the  rocks  cannot  be  considered  by  any  means  rigid. 
The  true  statement  of  the  conditions  of  equilibrium  of  a  portion  of 
the  crust  considered  rigid  (for  which  purpose  it  must  be  taken 
infinitesimally  small)  is  that  it  is  kept  in  equilibrium  by  two  sets  of 
forces,  (1)  the  two  horizontal  pressures  upon  its  ends  acting  in 
opposite  directions  and  equal  in  amount,  and  (2)  the  vertical  forces 
consisting  of  the  weight  of  the  portion  of  crust  under  consideration, 
and  the  upward  pressure  of  the  rocks  beneath,  also  equal  to  one  another. 
These  two  sets  of  forces  must  be  separately  in  equilibrium,  because 
they  are  each  set  at  right  angles  to  the  other.  Hence  it  is  not  true 
that  "  if  one  or  more  of  these  forces  change  in  amount,  the  equili- 
brium will  be  subverted ;"  for  it  is  evident  that  the  horizontal 
pressures  may  be  both  equally  increased,  or  both  equally  diminished, 
without  affecting  the  equilibrium :  and  this  is  the  case  we  have 
to  consider. 

Captain  Hutton  argues,  I  think  truly,  that,  "  if  an  upheaval  of  the 

^  It  might  be  thought,  on  a  cursory  view,  that  I  have  taken  this  view  myself  which 
I  now  condemn  in  my  paper  on  the  Elevation  of  Mountains,  p.  4,  but  a  little  con- 
sideration will  show  that  it  is  not  so. 
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Aamid  tika  place  at  any  poiaft^  the  vndadjing  wmpmimttad 
soda,  beiag  tfans  lelievvd  from  the  fiiiaiiii  aboTe  liisia,  would 
ezp<%nd  aad  rue  op  and  fill  the  ItoDow."  Lei  oa  aappoae^  aa  tibe 
eztrenie  eaae,  that  a  limited  povtufA  of  the  craat,  iiHtiBad  of  being 
upheaved,  waa  entirelj  lemoiied.  Then,  not  oanaidariB^  difteenoai 
of  densitT.  nor  eballitu>ii.  the  vodedjiag  zocka  wosld  riae  i^  and 
form  a  aoiably  level  aorlaoe  with  thai  aniand  tiie  BBmoved  portioD. 
Thej  ooold  not  riae  higher  than  thi&  Siqipoae  now,  for  the  aake  of 
aignment,  that  the  removed  pcRtion  of  the  cniat  were  to  be  xeplaoed. 
It  iroold  aink  back  again  into  its  wiginal  poaitioaL  And  the  aamb 
thing  would  eqnallj  happen  if  it  irere  bn^en  up  before  b^^ 
replaced.  It  seems  then  that  the  upward  preaaaie  of  the  anbjaoait 
xock  haa  no  power  to  aappoit  ai^  portion  of  a  craat  of  normal 
density  at  a  level  higher  than  that  of  thegmeral  nrlaoe ;  and,  conao- 
qoentiv,  that  any  abnormal  elevation  of  a  poition  of  aodi  craat  mmt 
be  owing  to  latml  pfeasore.  The  qnestion  at  isaoe  ia,  what  ia  the 
caose  of  that  pleasure,  and  what  amount  and  fonn  of  Ovation  woaU 
ensue  from  it  ?  Captain  Hotton  a  hypothests^  properly  amdied,  wonld 
prodace  roanlta  nearly  analogona  to  that  inveatigated  by  myself  in 
1866,  and  by  Mr.  Mallet  in  IS72,  with  this  obvious  diffiuenoe — diat 
on  Captain  Button's  snppoaition  the  crost  vroold  eTpand  away  &om 
the  nucleos ;  whereas  in  ours  the  nodena  oontiacta  away  from  the 
cmsL    Other  points  of  divergence  vrill  be  pointed  out  in  the  aeqneL 

The  anthor  of  the  lecture  assomes  rocks  to  expand  on  an  avenge 
0000005  of  their  i  linear)  dimensions  for  I'  F.,  and  on  that  supposi- 
tion gives  a  table  of  the  altitudes,  which,  according  to  hia  theory, 
would  be  attained  by  the  arch  caused  by  the  expansion  of  an  area  of 
given  width,  when  exposed  to  a  given  rise  of  temperature. 

I  have  not  been  able  to  obtain  the  same  numbers ;  but  mine  do  not 
differ  materially  from  his.  The  elevation  of  the  highest  point  of  a 
circular  arch,  constructed  according  to  Captain  Hutton's  supposition, 
comes  out  with  me  equal  to  the  foUovnng  expression — where  a  is 
the  earth's  radius,  and  e  the  expansion  of  rock  for  the  increase  of 
temperature  under  consideration : 

whence  I  obtain  the  following  table  : 


Thickness 500  feet.         2500  feet.    \  10.000  feet.      25,000  feet  i 

,1 ' I 


Teinperatare 10*  50*  I        200*         |        500*         ! 

1 


i  Breadth  100  miles 1567'  7S35 

„   500  „  1569  7845 

„   1000  „  '  1575  '    7875 

„  2000  , 1600  8000 


31,340 
31,380 
31,500 
82,000 


78,360   I 
78.460 
78,750   ! 
80,010 


(X.B. — This  table  is  not  to  be  taken  as  representing  in  the  opinion  of  the  mvthor 

of  tills  paper  what  occurs  in  natore.) 

*  This  supposes  the  arc  considerablj  larger  than  txradimt^  as  will  be  thej 
eTery  instance  in  the  table. 
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Let  OS  now  oonsidar  what  would  be  likely  to  take  place  under  the 
conditions  supposed.  If  10,000  feet  of  deposit  were  laid  down,  and 
ihe  underlying  rocks  raised  in  temperature  thereby  200^,  they  would 
expand  by  200  x  0*000005  of  their  previous  linear  dimensions ;  that 
is  to  say,  a  cubic  foot  of  rock  would,  if  free,  have  each  of  its  faoes 
removed  farther  from  the  opposite  one  by  0*012  of  an  incdi,  which 
is  about  double  the  thickness  of  a  sheet  of  stout  writing-paper.  Such 
]a  the  amount  of  expansion  relied  upon  to  produce  the  considerable 
elevations  given  in  the  fourth  column  of  the  table,  and  which  no 
doubt  it  wofdd  produce,  were  the  rocks  absolutely  rigid,  and  were 
they  to  be  elevated  by  the  said  expansion  into  a  drcttUxr  arch ;  to 
both  of  which  positions  I  demur.  Now,  fixing  our  thoughts  upon 
such  a  cube  of  one  foot  of  rock,  it  certainly  seems  probable  that, 
under  great  horiisontal  pressure,  it  would  undeigo  the  small  amount 
of  camprenian  indicated  by  this  computation,  and  not  expand  at  all 
horizontally,  but  simply  become  about  one-hundredth  of  an  inch 
higher.  Or  else  the  whole  expansion  would  take  place  in  the 
vertical,  the  block  suffering  slight  deformation  and  becoming  about 
three-hundredths  of  an  indi  higher  tiwn  it  was  originally.  Far 
greater  deformation  than  this  has  accompanied  slaty  cleavage* 

Such  reasoning  would  lead  one  to  doubt  elevation  of  the  kind  sup- 
poeed  by  Capt.  Hutton  being  produced  at  all  by  such  a  small 
amount  of  expansion.  For  it  must  be  recollected  that  the  pressure 
caused  by  the  expansion  is  horizontal,  or  very  nearly  so,  and  I  have 
already  explained  that  there  is  really  no  vertical  pressure  from  below, 
except  what  just  supports  the  rocks  in  their  normal  position.  If  the 
process  I  have  last  described  actually  went  on,  then  we  should  get  over 
the  whole  area  an  equable  elevation  of  3  x  0.000005  x<  X  Sickness 
of  reek  ioho$e  temperature  U  raised  f.^  To  how  great  a  depth  that 
rise  of  temperature  would  happen,  I  think  we  cannot  teU.  But 
conduction  would  probably  equalize  the  temperature  to  that  due  to 
the  general  level,  long  before  any  great  depth  was  reached.  And  we  must 
recollect  that  the  heat,  which  goes  to  raise  the  temperature  of  the 
expanded  layer,  is  abstracted  from  the  layers  underneath  it,  so  that 
contraction  in  these  will  accompany  the  assumed  expansion  of  those. 

We  have  hitherto  considered  that  the  expansion  of  a  layer  of  rock 
would  not  disturb  its  position,  but  produce  only  an  increase  of  its 
thickness  in  a  vertical  direction.  But  since  it  is  evident  that  in 
nature  elevation  has  in  most  instances  been  caused  by  lateral  com- 
pression, I  will  endeavour  to  estimate,  in  a  general  way,  some  of  the 
effects  it  may  be  expected  to  produce,  and  then  apply  them  to  test 
Gapt.  Hutton's  theory,  and  also  to  explain,  as  far  as  I  can,  one  or 
two  of  the  observed  phenomena  of  mountain  regions. 

For  this  purpose  we  will  consider  that  from  some  cause  a  layer 
of  rock  becomes  relatively  larger  than  it  was  origiually ;  either  by 

>  Mr.  Babbage,  Jonm.  Geol.  Soo.,  vol.  iii.,  ^.  204,  entirely  neglects  the  horizontal 
expansion,  and  takes  account  only  of  the  vertical  part,  so  tnat  tne  elevation  I  have 
pven  in  the  text  is  three  times  as  great  as  he  would  have  reckoned  it.  As  a  homelv 
iBstanee  of  the  effect  I  suppose,  may  be  taken  the  case  of  a  loaf  of  light  bread  bokea 
in  a  »*  tin." 
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iteelf  expandiDg,  or  else  by  die  neighboiuiiig  rooks  shrinking  in 
towards  it.  I  have  shown  in  my  paper  on  tlie  elevation  of  moun- 
tains that  an  enormous  horizontal  pTessore  wonld  resolt,  before 
which  the  layer  in  qaestion,  if  inoompressible,  must  give  way,  aai 
its  position  be  diaturbed. 

But  would  the  horizontal  pressure  elevate  it  into  an  arch  or  dome  ? 
It  appears  to  me  more  prol»ble  that,  acting  on  a  layer  many  timea 
wider  than  deep,  it  womd  break  it  up  into  a  series  of  synclinals  and 
anticlinals  interspersed  with  faults,  and  not  cause  it  to  rise  in 
one  unbroken  arch  at  all.  The  pToaaure  of  the  rocks  below  is  not 
really  capable  of  doing  more  than  sustaining  the  original  layer  in 
its  original  position,  and,  if  that  becomes  weighted  by  the  addidoo 
of  deposit,  the  tendency  will  be  towards  depression,  and  not  eleva- 
tion, so  that  lateral  pressure  would  in  the  first  instance  cause  it  to 
bulge  downwards  and  not  upwards.  I  think  it  likely  that,  the  layer 
once  distorbed,  the  subjacent  superheated  rooks  mi^t  rise  into  the 
anticlinals,  and  if  so  I  should  expect  that  the  synoUnsls  would 
eqnally  sink  down  into  those  rocks. 


Let  us  suppose  J  £  C  D  to  be  a  layer  of  rock  of  unit  of  thickness, 
length  I,  and  depth  k,  and  first  that  it  would  expand  to  Ab  Cd,ao  that 
Ab  =z  A S  (1  -If-  e),  where  e  is  a  very  small  fraction,  but  that,  on 
account  of  the  abutments  at  A  C  and  S  D  being  immovable,  it  is 
forced  to  assume  some  new  form,  as  for  instance  that  given  in  the 
figure  (or  any  other).  Call  A  B  the  datum  leveL  Kow  the  fiiat 
tMng  which  is  evident  is  that  the  wavy  lines  AB  and  CD  will  be 
shorter  than  the  straight  lines  Ah  and  Cd  reBpectively,  because  the 
stratum  is  all  along  subject  to  longitudinal  compression,  not  only 
at  first,  but  also  finally,  because  their  weight  will  compress  the  anti- 
clinals, and  the  inertia  of  the  subjacent  rooks  will  resist  the  synclinali 
being  forced  down.  Hence  it  is  clear  that  the  surface  line  cannot 
be  longer  than  1(1  +e),  but  will  be,  on  the  other  hand,  rather  shorter 
and  the  layer  on  an  average  thicker  than  before  compression. 

Let  ns  now  seek  for  some  simple  laws  which  must  govern  the 
^■tnrbed  strata  in  spite  of  the  confusion  which  appears  to  Yeign 
among  them.  Let  a,  a,  etc.,  be  the  areas  formed  by  Uie  upper  curved 
line  above  A  S,  and  b,  b,  etc.,  the  areas  formed  by  the  same  line 
below  AB.  It  is  not  necessary  tliat  the  q'b  should  be  equal  to  one 
another,  nor  yet  the  fr's.  They  are  used  simply  to  designate  the 
_^amu  in  respect  of  their  ponttimt. 
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[n  like  manner  let  a,  /3,  be  similar  areas  for  the  lower  datum 
'el  CD,  Then  the  spaoe  included  between  the  curved  lines 
hich  we  will  call  the  ''  contour"  lines)  must  be  equal  to 

AlGd  =  W  (1  +  e). 
It  is  also  evidently  equal  to 

^-BC2)  +  fl  +  fl  +  &c.  +/8  +  /8  +  &C. 

—  6  —  6  —  &c.  —  a-^  a  — &c. 

denoting  the  sums  of  the  quantities  of  the  same  sort  by  the 
tnbol  5*,  we  get 

kl{l  +  e)  =z  kl  +  S {a)  --  S  {b)  +  S (fi)  -  S  (a). 
.\kle=^S{a)--S  (J)  +  S(P)-S  (a),  (1). 

Let  us  now  suppose  that  the  crushed  and  contorted  mass  is  solely 
sported  by  the  superheated  rocks  below,  which,  but  for  the  attach- 
mts  at  il  C7and  B  D,  would  be  absolutely  true;  and  must  be  very 
irly  true  in  any  case.  We  may  treat  the  superheated  rocks  as  a 
id,  and  apply  Uie  conditions  of  statical  equilibrium. 
rhe  mass  which  is  supposed  thus  to  float,  the  fluid  being  allowed 
have  free  access  to  every  part,  was  in  hydrostatic  equilibrium 
fore  its  expansion  and  consequent  disturbance ;  that  is,  its  surface 
idcl  {hen  have  been  at  the  same  level  as  the  surface  of  the  fluid, 
his  is  the  same  as  the  supposition  that  we  made  at  the  oommence- 
nt,  p^  250.)  It  is  therefore  evident  that,  upon  the  expansion  of 
B  Oi>,  orkly  into  kl  {1  +  e),  the  part  which  would  float  above  the 
faoe,  would  be  equal  to  the  additional  volume  arising  from  the 
sannkm,  because  tize  specific  gravities  will  be  inversely  propor- 
oal  to  the  volumes,  or  (since  we  are  considering  the  thickness  to  be 
ity)  to  the  areas. 

Hence  ^{6  =  S  {o)» 
^so,  since  the  specific  gravity  of  the  expanded  mass  is  supposed 
3iy  where  to  be  less  than  that  of  the  fluid  beneath  it,  its  surface 
uld  be  everywhere  above  the  surface  of  the  fluid,  unless  it  was 
ler  constraint,  or  in  other  words  we  should  have 

S  (6)  =  0. 
Eence,  if  such  hollows  as  6,  6,  extend  below  the  datum  line,  it  can 
[y  be  under  gonstraint,  and  since  there  is  more  freedom  'for  the 
ks  to  be  contorted  upwards  than  downwards,  we  may  consider  it 
»st  probable  that  there  will  be  no  such  hollows  below  A  B,  How- 
3r,  for  the  present,  we  will  suppose  them  to  exist,  but  that  the 
Id  has  not  access  to  them.  Then,  applying  the  conditions  of 
irostatic  equilibrium,  we  get,  putting  p  and  c  for  the  densities 
ore  and  after  expansion,  the  former  being  that  of  the  fluid,  and 
serving  that 

p    _   1+  e 

7    -     1"' 

*/(l  +  e)a=  klp  —  S(a)p  +  S(P)p 

0=  —S{a)     +S(J3). 


'^  =.ti>»7«.  ^«  ^s^ir  i!:c=  «s«:  •^ct  vh. 

irik.'.;^!^.  '.zjia  '.r  rarr^,  »3J  :i.e  Ie£^t&  rf  «&ucn  will  not  ta 
T«TT  'iifcr'r.t  ia  xbt  tw:-  cues. 

It  ia  «u:'t  fte^ii  :tit  if  ut  noziber  «  of  traagnlsr  ndm  t* 
P/nt.vi  »il  ^ior.is  ite  'iamm  liae.  mi  toA  nriaogle  oct  of  mex- 
fxtnil'^n  ryf  tb«  \iin  '.t  tL«  Kratam  oa  wticfa  it  stutia  (i.«.  a  =  hatt 
X  t  ';,  »ni  if  X  be  the  bue  of  anr  tmng^te  and  ^  iti  height, 
since  iXi)  ^\Af, 
n  =  2i-e. 
TtiiM  (hows  that  if  each  liige  it  fonned  out  of  the  part  of  th« 
atratiitn  'iti  which  it  Etan'Is,  the  height  of  the  ridge,  ao  long  «■  wo 
nail  tiif.fii.n'!  &  (rinngle  to  represent  it,  will  be  nearW  the  amt, 
whAtAver  >^  the  width  of  its  base  (Bolees  the  base  be  rrry  nanow). 

If  uii'l'ir  the  same  BiippositiooB  we  conceire  the  whole  distnrfaanoe 

tbmwn  int/j  ~   of  the  datam  line,  and  that  the  area  of  email  triangle 
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10  praparUowU  to  the  part  of  the  siratmn  on  which  it  etands,  in  that 
ease  &e  height  of  each  ridge  will  2  hme. 

If  we  do  not  consider  each  ridge  formed  out  of,  or  eyen  propor- 
tional to,  the  part  on  which  it  stands  (which  will  be  more  general 
and  probably  more  in  accordance  with  nature),  we  have, 

taking  for  17  its  aTerage  value,  which  we  will  call  h. 

but  5  X  =  /. 

/.  A  =  2  ^  ^  as  before, 

and  if  liie  compression  be  thrown  into  —  of  the  datum  line 

fa 

h=i2kme. 
which  gives  this  rule  to  estimate  the  average  height  of  the  mountains. 
Multiply  together  the  thickness  of  the  layer  before  its  compression, 
the  number  of  times  which  the  datum  line  contains  the  widtli  of  the 
disturbed  area,  and  the  coefficient  of  expansion ;  and  twice  this  pro- 
duct will  give  the  average  height  of  the  mountains. 

If  a  uniform  deposit  were  laid  down  upon  the  datum  line  before 
the  expansion  occurred,  as  in  the  case  contemplated  by  CapL  Hutton, 
we  should  get  a  very  similar  result,  except  that  the  surface  contour 
line  would  not  coincide  with  the  upper  line  of  the  expanded  layer, 
bat  would  run  at  a  nearly  uniform  distance  from  it,  so  that  the 
form&bs  already  investigated  would  still  be  applicable,  except  that 
the  heights  would  have  to  be  measured  from  a  new  datum  line,  viz. 
the  upper  surface  of  the  deposit  When  the  deposit  had  reached  its 
utmost  extent,  this  would  be  the  sea-level,  and  if  such  depressions 
as  h,  b,  were  formed,  they  would  probably  be  seas. 

Let  us  apply  our  rule  to  the  mountains  which  would  be  formed 
by  the  expansion  of  the  layer  of  rock  with  the  data  suggested  by 
Captedn  Hutton.  In  this  case  I  is  the  length  of  the  arc,  which  geo- 
metrically is  sufficiently  nearly  a  straight  line,  and  mechanically  is 
strictly  horizontal,  for  it  is  at  every  point  in  the  direction  of  the 
compressing  force,  and  also  at  right  angles  to  the  force  of  gravita- 
tion. We  will  suppose  the  ridge  or  ridges  to  be  formed  along  the 
whole  of  the  base  line  or  arc. 

Let  us  take  for  our  instance  the  fourth  column  of  the  table.  Here 
e  «  0*001  and  m  ^  1.     But  k  is  unknown. 

The  average  height  of  the  mountains  will  therefore  be  2  x  0-001 
X  thickness  of  the  heated  layer,  or  0*002  x  thickness  of  heated  layer. 
It  is  of  course  independent  of  the  length  of  the  arc. 

I  will  not  presume  to  guess  the  thickness  of  rock  which  would  in 
the  manner  supposed  be  heated  by  200°  F.  But  whatever  assump- 
tion be  made,  the  average  height  of  such  corrugations  as  I  have 
assumed  would  be  each  of  them  (were  they  few  or  many)  ten  five- 
thousandths  of  that  thickness,  that  is  about  ten  feet  high  for  every 
mile  thick  of  rock  raised  200°  F. 

Were  the  corrugations  supposed  of  a  curvilinear  contour  they 
would  be  not  quite  so  high.  We  see  then  that  the  elevations  which 
could  be  produced  by  such  heating  and  expan&iou  vio\]\^  \^^  ^\\j^ 
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bj  *iie  -udii^r  as  zsncmpsceBS  go  protiBOfr  tfafr  c&cti  aanboad  to  iL 

I:  lA  TerT  iaipoTtaiis  to  szuiecaDuui  dhe  ri  ■■!■  wkj  mj  eondi 
£&n  «>  wuieiy  fpxa  iiii^  I  wQI  diacfiae  lepett  is.  It 
from  ^  £ks  dhAfi  Capcna  Hbs&oil  otmHtt^  Ak  a  hmrHWHal  font 
of  •xmprsflBoa  inmemhamg  die  cnae  nueaoxB^of  dhe  wocd  bon- 
xonziL  wotilii  eleTase  «  itamai  of  rxk  into  sn.  arc&  or  dome.  viiiW 
I  vjXuii^T  duu  ic  ecoLi  not  haire  di^  effect ;  bat  duU^  if  dtt  lajer  of 
rTiCk  iru  ao  rijziii  dia£  is  cooLi  not  jield  to  sfae  reqinxed  amoouk  in 
thii  ^ncdrjxi  of  she  preflnxre,  is  wooiii  be  faroken.  up  into  a  aeries  of 
sjTicUnala  anil  antirlTnal-i.  fiudted  or  boc,  azid  that  the  ilioitening  <tf 
the  bfiue  wooLi  becompennted  for  by  die  beaping  ^  of  die  material 
above  die  >:ngiiuJ  sar&ce^IereL     (S<e  Seccua  2.  p.  252L » 

We  will  DOW  ooDsuier  shordT  the  in^cances  adduced  to  gire 
Teriszmilitade  to  this  theoij,  which,  fwjuinia  to  test  it  that  an  aiea  of 
given  breaddi.  widi  a  given  diicknea  of  depoas  npon  it»  dioiild  liie 
into  an  arch,  whrj«e  height  agrees  with  die  data  according  to  tlie  table. 

I  think  that  not  one  of  theae  ooiidiQi:>ns  ia  trulj  prcaented  bj  dM 
Weald  in  our  aothor^a  eatiniate&  ''The  tHreaddi  to  aome  point  in 
the  En^iah  Channel  is  about  100  mile&'^  In  other  wotda,  the 
breaddk  is  onknown,  so  that  we  have  not  the  datmn  required  for  die 
first  colomn.  "The  thidmem  of  the  beds  is  3100  fieet ;  and  die 
highest  part  of  the  arcb  woold  have  attained,  if  the  upper  portion 
had  not  been  denuded  off,  a  height  of  3600  feet  above  the  aea." 
There  is  no  explanadon  of  what  beds  are  taken  acooont  of  in  die 
3400  feet ;  bat  since  the  crest  of  the  arch,  if  nndenaded.  would  have 
attained  200  feet  more  than  that,  20*3  feet  of  rocks  mot  estimated  must 
lie  aVy>ve  the  sea-level  in  the  centre  of  the  Wealden  country.  Why 
are  tLese  to  be  excluded  ?  or  why  rocks  far  below  these  ?  Again, 
what  are  we  to  say  about  the  Tertiary  beds  whidi  probably  covered 
some  part  of  the  Chalk,  and  consist  of  fresh- water  as  well  as  marine 
Wis,  so  that  the  whole  series  proves  several  oscillations  of  level 
before  the  dome-shaped  form  was  finally  assumed.  Are  these  to  be 
taken  into  account  ?  and  if  so,  how  is  the  depression  succeeding  to 
the  Wo<jlwich  beds  to  be  allowed  for?  These  questions  are  most 
material  lx;fore  any  correspondence  of  precise  measurements  can  be 
pretended  here  between  theory  and  fact. 

Again,  is  it  not  a  mistake  to  regard  the  Wealden  area  as  an  isolated 
doinc-(slia[>ed  elevation  ?  Is  it  not  rather  one  of  a  series  of  parallel 
c^»rriigation8,  of  which  this  one  passes  by  Devizes,  Kingsclere,  and 
lla«tiiig«,  and  the  next  south  of  it  by  Weymouth,  Purbeck,  and  the 
ImIo  of  Wight,  while  the  whole  system  of  disturbances  on  this  parallel 
dutcH  hfu:k  to  a  period  long  anterior  to  the  de]x>sition  of  any  of  die 
Weal'lfrn  rockn,  but  probably  subsequent  to  the  Carboniferous  ?  While 
the  mucli  greater  distortions  which  affect  the  older  rocks  on  that  line, 
as  at  yUiivVi])  and  in  Belgium,  are  the  sum  of  disturbances  previous 
tr>  tho  Wf.-alden  elevation,  plus  those  which  occurred  subsequent  to 
the  (IffKmition  of  the  Chalk.  In  short,  we  are  here  on  an  old  line 
of  Tiiovomont. 

With   rcHpect  to  the  other  illustration,  drawn  from  tiie  great 
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longitndinal  elevated  region  extending  from  Spain  to  Gbina,  the 
ooncomitant  Nammolitio  formation  scaroely  proves  that  the  elevation 
of  that  tract  was  the  result  of  its  deposition.  True  it  is,  however, 
that  Mr.  Medlioott  traces  a  connexion  between  the  '*  snpra-Nnmmn* 
litic  deposits  *'  and  movements  of  disturbance  in  the  Shillong  Plateau, 
which  he  considers  an  example  of  *'  the  theory  of  MM.  Hersc^el  and 
Babbage."  But  that  theory,  as  I  understand  it,  does  not  include  the 
aroh-movement  of  Capt  Button,  against  which  the  above  objections 
are  chiefly  urged. 

Moreover,  the  effects  attributed  by  Herschel  to  the  weight  of  new 
deposits,  stand  on  different  grounds,  and  from  the  few  remarks  of 
Mr.  Medlicott,  in  the  passage  referred  to,  it  seems  to  be  to  these  that 
he  alludes.^ 

The  above  conclusions  have  been  arrived  at  in  accordance  with 
Captain  Button's  assumption  thai  a  layer  of  rock  expands  through 
the  addition  of  heat.  It  will  be  observed  that  this  introduces  the 
o(»idition  that  the  specific  gravity  of  the  disturbed  rock  is  less  than  it 
was  before. 

If,  however,  the  crushing  of  the  layer  arises  irom  contraction  of 
the  earth's  interior,  the  reasoning  will  be  somewhat  altered.  In  order 
to  get  a  dear  conception  of  the  circumstances,  let  us  suppose  a  portion 
of  the  crust  removed  before  the  contraction  occurs.  We  will  suppose 
the  superheated  rocks  below  to  be  virtually  of  the  same  specific 
gravity  as  the  crust  They  would  in  that  case  rise  level  with  the 
surface.  Suppose  contraction  now  to  take  place.  Then  the  edges  of 
the  chasm  which  we  have  made  will  approach  one  another,  but  the 
superheated  rock  will  still  rise  only  to  the  surface-level,  so  far  a$ 
anything  at  present  noticed  is  eoneemed.  We  suppose  that  the  width 
of  the  chasm  we  made  was  I  (1  +  6),  and  that  it  contracts  to  I. 
But  now  we  cannot  restore  all  the  rock  that  was  removed,  for  k  I  of 
rock  will  exactly  fill  the  space,  and  hi  {1  +  e)  was  what  was  taken 
out  of  it.  Bence  hi  e  oi  rock  must  either  be  left  out,  or  else 
heaped  upon  the  surface. 

Now,  if  we  were  only  considering  a  limited  area  of  the  earth's 
surface,  the  whole  k  I  (1  +  e)  of  rock  would  sink  into  the  cavity, 
being,  in  the  case  we  are  now  considering,  virtually  of  the  same  specific 
gravity  rts  the  fluid  beneath.  It  would  sink  until  the  surface  was 
level  as  before  with  the  general  surface,  the  surplus  kle  of  fluid  dis- 
tributing itself  throughout  the  interior,  and  from  its  comparatively 
small  amount  being,  as  it  were,  lost.  But  since  the  same  amount  of 
shrinking  that  we  have  supposed  to  take  place  over  one  area  occurs 
to  an  equal  amount  over  every  equal  area,  this  cannot  happen  :  so  that 
the  kle  of  rock  must  stand  above  the  datum  level  and  form  mountains. 

Moreover,  the  condition,  that  no  part  of  the  superheated  rock  can 
be  lost  in  the  interior,  necessitates  that  any  portion  of  it,  which  is 
displaced  below  C  D,  must  be  compensated  for  by  an  equal  portion 
rising  above  that  line.  And  this  will  be  expressed  by  the  condition 
that 

S(a)  =  S{^). 
^  Oeoloffieal  Sketch  of  the  Shillong  Plateau,  Geological  Survey  of  India,  p.  40. 
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If  -±£«  r»As:r^.g  be  ccrrwc  w  I  c«&t»  is  to  be.  a 

i«  z-lirt  iTQA.  vbisfr  base  u  {  1  -^  <;  X  1-  eqaib 
1^  rxk  lirT^e  h.  ac-i  ;ircc  a  cis  of  area  will  \m 
k  1— «  p  ;  *:  :ne  k^^r  iima  l«r*L  ^i^^rs^  j  is  tief::Toe  of  graiitT. 
X: w  :br  rT^«5;ir«&  ^  ^ ;  v:cld  b<  ssfSr&aic  co  bria^  the  io|Nr- 
Y^AZiA  r^ck  *  :<  '±-!r  urr^r  'iiccs.  Ia^^^  Ha^ce  tLeze  b  aa  ezoeH  of 
prettTZTs  €q::ai  :o  ^ p;  «.  v>>:h.  vc-cld  serre  «>  xaise  it  to  an  addi- 
tkiiAi  Leiz^*  I:  e  accv«  cbe  ncx<r  dacom  ler^ 

TLifl  will  i£Ci:::r.t  f:r  iL»  stc&ir  w^Iliziz  ivt  of  laTa  from  a  TeBt» 
or  f:r  ua  st&n-iing'  as  a  tHArij  snifonn  leTel  in  a  eraser,  ai  in 
Hiw&iL  Bt  c^ir  f:<rn:6r  inTindzadrjii.  wliich  we  aee  bj  <  A)  to  be 
applicable  t*j  the  prese&t  case,  the  arenge  hex^it  of  tbke  nfeountams 
fonr:*d  bj  the  ocn:racti:n  wc-old  te 

A  =  2k  me, 

'B'zz.'x  the  laTi  wo-ol  i  rise  fc:-  "±e  heimi  .r-  -  or  to  the  sorface  wbidi 

w'.-.Ii  b^  trc'i^o^i  if  the  mruz tains  were  ail  leTelled  down. 

Thia  is  ni-ch  U^  ihm  :he  heigh:  to  which  mountains  might  be 
thrown  np.  ^r.  I  lei  is  iz.^  to  ask  whether  there  maj  not  be  herefli 
exL'iir^atioa  of  the  fic:  nez.n:r:e»l  by  Mr.  Scnpe,  that  altboogii  the 
freaks  of  -.he  Sc-::h  Asierican  Volcanc-es  which  are  the  moat  Icflj  in 
the  worl  i  are  freq::ently  seen  to  emit  vapour  and  aabea,  we  rarely 
Le^iT  cf  their  jrivin^  issue  to  any  great  lava  currents  in  recent  time& 
T}*';  lavaij  of  these  m:uiiL\ui«,  he  tells  ns,  generally  appear  to  have 
burst    forth  frcm  lateral  fissures  on  thi;  flank  of  the  loftv  snow- 

m 

(y,v':TfA  voloanio  p.:aks  which  crown  the  range.  A  distinction  must 
be  iLivl'^  bfrtween  ebullition  anil  a  steady  welling  out  of  lava. 

It  mujst  b<;  rememl-ered  in  these  estimates,  that  no  moontains  in 
nafjiro  can  reach  the  full  hei;;;ht  above  the  datum  level  which  the 
forrniila:  give,  partly  because  the  curved  contour  gives  a  less  altitude 
thrill  the  a.«!5»inied  triangular  one,  anil  panly  on  account  of  the  full 
efT'ct  of  elevation  not  being  produced  owing  to  friction  and  other 
caij-.fr»,  and  also  on  account  of  subsc-quent  denudation. 

To  revert  to  the  connexion  which  Mr.  Medlicott  perceives  between 
the  srij.n-Nummulitic  depf^sits  of  India  and  movements  of  elevation. 

On  the  view  which  I  advocate  of  mountain  chains  being  produced 
by  th^;  hhrinking  of  the  earth's  interior,  the  local  pressure,  caused  by 
a  frofih  dcpobit  disturbing  the  equilibrium  in  a  certain  r^on,  in 
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Galonlated  to  have  several  important  consequenees.  In  the  first  plaoe 
it  will  originate  a  line  of  elevation  along  its  shore>-line  or  boundary, 
by  tending  to  bend  down,  or  fracture,  tbe  crust  there,  so  as  to 
present  at  that  place  inclined  strata  to  the  horizontal  thrust  Secondly, 
the  thickness  of  the  rigid  crust  being  increased  by  tho  new  deposit, 
ii  would  offer  an  impediment  to  the  elevation  of  ridges  beneath  it, 
tmik  tibwtw  the  whole  disturbance  into  the  region  just  outside  its 
boundary,  in  wbidi  oase  a  little  consideration  will  show  that  the 
whole  newly-covered  «rea  would  have  a  slight  relative  movement 
towards  the  disturbed  area,  and,  as  it  were,  nip  it,  so  as  to  compress 
the  antidinals  about  their  roots.  In  the  meanwhile,  sinking  on 
aooount  of  its  load  of  fresh  deposit,  the  disturbed  rocks  would  be 
pmbed  relatively  over  towards  dt  And  thus,  I  think,  we  may 
account  for  what  Mr.  Medlioott  notices  as  a  general  rule,^  viz.  the 
production  of  normal  flexures,  having  their  steeps  sides  towards  the 
oasin  of  depression ;  adding.  "  It  would  be  valuable  to  know  what 
light  the  abstract  consideration  of  the  case  could  throw  upon  the  law 
thus  indicated" 

This  also  serves  to  explain  the  fanshaped  arrangement  of  strata  in 
certain  mountain  ridges. 

We  have  from  (2) 

^{a)—kle  +  ^(b). 

So  that  if  any  depressions,  however  produced,  occurred  below  the 
datum  level,  the  mountains  would  be  increased  by  an  equal  amount 
And  since  it  is  almost  certain  that  such  depressions,  if  of  consider- 
able size,  would  have  displacements  corresponding  to  them  in  the 
superheated  rocks  below  (observing  that  5*  (a)zz:  j  (/8),  there  would 
be  an  additional  rise  of  these  rocks  into  the  antidinals.  Since  seas 
must  occupy  depressions,  this  may  help  to  explain  the  usual  prox- 
imity of  volcanic  vents  to  sea  margins. 

We  may  conceive  such  depressions  as  have  been  spoken  of,  to  be 
sometimes  formed  by  the  weight  of  new  deposits,  which  would  then 
occupy  them ;  but  whether  the  depression  of  an  area  by  the  ac- 
cumulation of  fresh  deposit  would  be  compensated  by  an  excessive 
elevation  in  its  neighbourhood,  seems  to  depend  upon  the  amount 
of  viscosity  to  be  attributed  to  the  superheated  rocks.  The  more 
fluid  they  are,  to  the  greater  distance  would  the  pressure  be  com- 
municated, and  the  less  would  be  the  effect  in  the  immediate 
neighbourhood,  and  vice  verad. 

One  word  in  defence  of  the  theory  of  the  elevation  of  mountains  in 
consequence  of  the  secular  cooling  of  the  earth,  which  I  am  happy  to 
learn  from  Captain  Hutton  "is  at  present  almost  universally 
accepted  by  geologists  as  the  cause  of  .  .  .  the  upheaval  of  mountain 
chains."  He  says  that  its  effects  must  be  completely  absorbed  by 
the  much  larger  ones  which  flow  from  his  theory. 

If  I  have  estimated  the  two  at  all  justly,  I  have  shown  that  the 
reverse  is  the  case ;  for  I  have  proved  that  if  we  suppose  a  stratum 
600  miles  thick,  buried  under  25  miles  of  crust,  to  have  contracted 

'  loc,  cit.^  p.  45. 
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sinoe  the  orost  became  rii^d  on  the  whole  as  maoh  as  a  slag  would 
do  in  passing  from  a  fused  to  a  devitrified  state  (a  reasonable 
supposition),  this  would  give  a  mountain  range  of  Bomething 
under  half  a  mile  high  on  eveiy  hundred  miles  of  surface, 
calculated  in  a  manner  similar  to  that  employed  in  this  paper. 
If  only  a  part  of  the  area  was  disturbed,  the  mountains  would 
be  higher.*  And  I  haye  now  shown  how  very  mucdi  less  would, 
in  all  probability,  be  the  effect  produced  by  the  expansions  sug- 
gested by  our  author.  I  have  not  had  the  good  fortune  to  hear 
of  the  "  many  aiguments "  which  have  been  urged  against  thii 
generally  accepted  theory ;  but  I  think  I  have  seen  the  solitary  ona 
mentioned  by  Captain  Hutton  somewhere  before — that  the  eaith 
has  been  warming  instead  of  cooling  since  the  glacial  peiiod. 
But  to  this  I  cannot  accede.  If  we  admit  that  the  temperature  of 
the  surface  as  a  whole  is  greater  now  than  it  was  in  a  glacial 
period,  it  does  not  follow  that  the  earth  is  not  still  oooling.  If 
the  surface  were  kept  warmer  than  the  interior,  so  that  in  descend- 
ing the  temperature  decreased,  it  would  prove  it  to  be  on  the  whok 
receiving  heat,  but  so  long  as  experiment  shows  that  the  mterior 
is  hotter  than  the  surface,  it  must  be  losing  heat' — ^not  so  rapidly 
certainly,  as  when  the  surface  was  kept  more  eool»  but  still  losing 
heat 

However,  it  is  not  probable  that  on  the  whole  the  earth  was  kept 
cooler  during  glacial  periods  than  it  is  at  present.  It  is  more  pro- 
bable that  the  opposite  hemispheres  have  been  affected  altema^Iy 
with  such  periods,'  and  Captain  Hutton,  at  the  Antipodes,  will  do 
great  service  if  he  can  elucidate  this  question.  If  glacial  conditions 
were  universal  over  the  whole  globe,  it  seems  that  we  must  look  to 
a  change  in  the  condition  of  the  Sun  to  account  for  them. 

It  may  not  be  out  of  place  to  mention  shortly  the  experiments  re- 
ferred to  by  Babbage  and  our  author,  respecting  the  expansion  of 
stones  when  heated,  and  suggest  some  conclusions  from  them. 

Lieut.  Bartlett's  experiments  were  made  under  the  direction  of 
Col.  Totton  in  1830,  upon  blocks  of  stone  94  inches  long ;  the  varia- 
tions in  length  being  measured  for  different  temperatui-es  between 
6°  and  about  100°  F.  ITiey  appear  to  have  been  made  under  dif- 
ferent states  of  atmospheric  temperature  during  rather  more  than 
a  year.  The  hygrometrio  condition  of  the  stones  was  "not  taken 
account  of.  Tliere  were  discrepancies  obser\'ed  in  tlio  rates  of  expan- 
sion in  different  experiments,  and  **  it  is  probable  that  many  of  the 
discrepancies  noticed  were  owing  to  tlie  hygrometrio  *  states  of  the 
stones,"  which  were  "  not  recorded." 

Mr.  Adie*s  experiments  were  made  with  great  care  upon  rods  of 
stone  23  inches  long,  of  different  kinds,  both  when  moist  and  diy. 

^  Cam.  Phil.  Trans.,  he.  eit. ;  and  Geol.  Mao.,  Vol  VII.  p.  68. 

*  See  Mazweirs  Theory  of  Heat.  p.  247. 

*  See  a  paper  on  *'  The  Phyidcal  Geography  of  the  Medeierranean  daring  thf 
Pleiatocene  Age,"  by  W.  Boyd  Duwkins,  M.A.,  F.B.8.,  in  the «'  Popular  Soesot 
BeTiew,"  for  April,  1873,  p.  169. 

*  American  JToornal  of  Science,  toI.  zzii,  p.  138. 
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He  fonnd  that  when  moist  many  kinds  of  stone  expanded  more  than 
when  dry.    For  instance,  for  1^  F.  he  obtained  for 

ExPAlMXOlf. 

8»lI«am«.M«H.  jJS;i,%^ 

rk«H^«.  UTo^w^  ]  -00000662,  moist 

^^*™^^'*^*^  I -00000363,  dry. 

T>«*iM4,aa.q  ^  a«.r«-f^  J  -00000632,  moist 

Peteriiead  red  Gramte   |  .00000498,  dry. 

At  207°  F.  a  rod  of  Greenstone,  23  inches  long,  contracted  -rf^th 
part  of  an  indi  by  drying  alone,  the  moisture  which  was  allowed  to 
evaporate  being  solely  (as  I  miderstand  .the  account)  that  absorbed 
by  hanging  in  the  room  for  three,  months. 

Mr.  Adie  concluded  that  the  average  expemsion  of  stone  is  very 
nearly  the  same  as  that  of  cast  iron  at  ordinary  temperatures. 

Referring  ta  Mr.  Babbage's  speculations,  he  considers  that 
"  little  weight  can  be  attached  to  such  explanations  of  the  great 
operations  of  nature ;  as  there  may  be  a  vast  difference  between  the 
effect  of  heat  quickly  oommunicated  to  the  small  pieces  of  istone  on 
which  we  perform  our  experiments,  and  the  necessarily  slow  diffu- 
sion of  the  heat  through  such  a  depth  of  strata  as"  Babbage 
''  supposed ; "  viz.  five  mSes.^ 

But  I  would  go  further,  and  inquire  whether  the  internal  heat  of 
the  earth  would  not  produce  contraction,  rather  than  expansion  ;  at 
least  if  it  was  sufficiently  great  to  introduce  metamorphism  or  any 
ohemical  diange*  The  phenomena  of  jointing,  of  mineral  veins,  and 
of  suoh  faults  as  head  to  the  downthrow,  all  point  to  a  tendency  in 
rocks  to  contract  when  deeply  buried.  And  in  considering  Captain 
Hutton's  the<Mry,  we  must  recollect  that  it  is  not  the  newly  deposited 
matter  whioh  he  supposes  to  expand,  but  the  rocks  upon  which  it  is 
thrown  down,  which  thereby  become  more  or  less  hypogene. 

It  will  be  noticed  that  in  this  paper  I  have  made  no  allusion  to 

Mr.  Mallet's  new  theory  af  the  derivaticxi  of  volcanic  action  from  the 

conversion  of  the  mechanical  work  of  crushing  the  shell  into  heat, 

but  have  continued  to  regard  lava  as  an  extravasation  of  subjacent 

superheated  rocks.    I  am  anxiously  looking  for  the  full  statement  of 

that  author's  reasoning  upon  this  question*    But  in  the  mean  while  I 

must  say  that  the  arguments  I  have  at  present  read  are  not  to  my 

mind  conclusive,  first  because  I  think  his  experiments  do  not  run 

parallel  with  the  facts  of  nature,  and,  secondly,  because  the  crushing 

of  the  earth's  crust  must  go  on  so  slowly  that  the  heat  produced 

must  be  dissipated  before  it  can  have  accumulated  to  the  requisite 

amount     Other  objections  occur  to  me,  but  until  the  paper,  as  read 

before  the  Eoyal  Society,  appears  in  full,  it  would  be  premature  to 

mention  them.     I  have  said  thus  much  only  because,  in  his  otherwise 

complimentary  note^  on  my  paper  on  ''  The  elevation  of  mountains, 

with  a  speculation  on  the  origin  of  volcanic  action,"  he  has  stated, 

that  my  views  on  the  latter  subject  do  not  appear  to  him  equally 

valid  with  my  notions  as  to  elevation. 

>  Trans.  Boy.  Soc.  Edin.,  vol.  xiii.,  p.  370. 

*  See  MaUet'e  Palmieri's  WesuYivu^  Introductory  Sketch,  p.  ^5,  il<(Aa. 
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fc' 
•r:.^  P2fclj&:*>:-c  Krlr* :  bri  -i^er  ir^  fi^mi  i=  i}»  greatest  profason. 

7«::::.irk«  I  rr.ij  riik-r   :n  ::  will  apjlv  i;-    ;:Ler  sma   in  which 

Jr.  dii-T  rliciis.  Tir-iiilirlT  i:i  tL-»  Perr.^r.e  Chain  in  Westn»i^- 
*i;.^-  Lan<AsL:r*,  Y:rk-!::rr.  ii»i  DsrbTsLirr.  teis  of  this  fjimnuon 
4r-;  '^y.zLyr^^A  a]:c:=:  ei.::r-=rlv  ::  pirrlins  :f  iLe  o.-tlumns  «?r  stems  of 
^  T.i^''\\&  of  diffvrrr::  ^er.-E-ra  ini  sjye-rr*.  Tarring  frc^m  one  to  eighteeQ 
li.'-f:?!  iri  diame^tr.  l-t  generillv  in  sLor:  lengths. 

ill  this  m'jiflat'ei  cmiiriou  iLrSs:  stems  fre^quently  occur  in  beds 
ft'.rrie  ftfrt  in  thioknvss.  anl  sj  cenien:ei  toseiher  that  ther  form  a 
K'-.rd  roc-k  or  marble,  which  takes  a  ^^A  pjlish.  and  is  extensively 
•ivrd  ill  this  district  for  mantelpieces,  tables,  and  other  decorative 
P':q//5er*.  One  circnm stance,  however,  is  very  remarkable,  that 
'^Mi'Ai'jTrX  the  innumerable  portions  of  the  colamns.  a  calvx  or  head 
'»i  'tjiv  •■  perries  is  verj-  rarely  inde^  found  in  the  hard  Limestone  or 
j.'.'irblo  rock  itself,  and  what  are  fjund  are  generally  in  i^elief  im- 
bedded only  f^rti'tlly  in  the  upper  surface  r»f  the  rock  and  covered 
with  fcbale  or  oth*-r  parting  between  the  Limestone  beds.  Those 
f'/und  with  the  arms,  or  with  more  than  a  few  plates  of  the 
'/.I'jrnn,  are,  I  lxrli«rve,  invariablv  in  this  condition.  Sometimes  the 
^'rinoidal  exuvix*  are  more  or  less  mixed  with  shells  and  corals,  and 
nr':  leKH  c^^nsolidated,  and  can  be  used  only  as  a  building-stone  or 
for  liine-buming:  and  in  other  cases  the  fossils  are  dispersed  in  beds 
of  ':;iIcareouH  or  agillaceous  shale  between  the  beds  of  Limestone. 
Tit':  ho'vls,  however,  are  occasionally  found  in  considerable  numbera, 
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detached  and  dispersed,  in  these  interjacent  shale-beds,  the  arms  and 
oolomns  generally  entirely  removed  £rom  them,  or  with  exceptionally 
a  very  few  plates  left  attached.  The  nature  of  the  parting  beds 
▼aries  very  much.  In  some  cases  they  appear  to  consist  principally  of 
broken  or  small  fossils,  with  a  mixture  of  more  or  less  argillaceous 
Diatter ;  and  these  beds  are  generally  thin  and  friable,  and  may  be 
oalled  rotten,  and  in  them  many  fossils  are  found  which  may  easily 
be  freed  from  the  matrix  whilst  fresh  from  the  quarry.  In  other 
oases  the  parting  beds  are  sandstone,  and  in  others  argillaceous  shale, 
these  being  generally  the  thickest. 

These  various  conditions  of  the  Limestone  alluded  to  may  arise 
from  differences  of  the  circumstances,  both  as  to  the  depth  of  the 
»ea  under  which  the  fossils  were  deposited,  and  the  vicinity  of  land. 
Let  us  consider  first  the  hard  rock  or  marble.  This,  from  the 
itructure,  appears  to  have  been  deposited  in  deep  clear  water,  because 
;he  calcareous  base  or  cement  which  holds  the  fossils  together  is  so 
;ransparent  and  free  from  foreign  matter  that  their  organization  may 
frequently  be  distinctly  seen  when  the  marble  is  polished.  But  in 
:hi8  marble,  as  above  stated,  very  little  besides  portions  of  columns 
LB  found,  although,  from  the  thickness  of  the  beds,  they  must  have 
been  a  long  time  accumulating,  and  are  evidently  the  product  of 
many  succeeding  generations.  If  this  be  so,  the  question  at  once 
arises — What  has  become  of  the  heads  ?  In  endeavouring  to  answer 
this,  I  must  refer  to  some  notes  on  the  Crinoidea  published  in  Yol.  YUI. 
of  this  Magazinic,  p.  241,  in  which  it  was  suggested  that  all  the 
ossicles  and  plates  of  these  animals  were  invested  in  and  held 
together  by  a  membrane,  which,  in  ccuse  of  the  death  of  the  animal, 
would  decompose,  and  thus  allow  the  plates  to  fall  asunder.  The 
smaller  surfaces  in  contact  in  the  joints  of  the  comparatively  thin 
plates  of  the  head,  and  of  the  arms  and  pinnules,  would  be  the  first 
so  to  decay,  and  the  plates  and  ossicles  would  be  dispersed  before 
the  decomposition  of  the  larger  surfaces  between  the  columnar  plates 
would  permit  their  separation.  These,  however,  would  eventually 
fall  into  a  mass,  and  be  cemented  together  in  a  manner  similar  to 
the  Coral  Beefs  described  by  Mr.  Jukes,  ^  and  thus  form  a  bed  for  a 
succeeding  generation,  which  one  after  another  would  follow  the 
same  course  so  long  as  the  circumstances  under  which  the  growth 
and  deposit  may  take  place  remain  the  same;  and  the  great  thickness 
of  some  of  the  Crinoidal  beds  is  sufficient  evidence  of  long-continued 
repetition,  and  the  beds  so  deposited  would  probably  be  similar  in 
every  respect  as  to  the  hardness  and  quality  of  the  stone.  But  if 
from-  any  cause  the  sea  became  more  shallow,  the  nature  and  hard- 
ness of  the  bed  would  be  different;  and  if  currents  brought  the 
surface  soil  denuded  from  a  neighbouring  land,  and  deposited  it  on 
these  animals,  they  would  be  destroyed  by  it  and  buried  before  de- 
composition took  place,  and  they  would  thus  be  held  together  and 
preserved  nearly  or  perhaps  entirely  whole,  and  the  denuded  soil 
would  form  the  parting  bed  on  the  limestone,  and  thus  cover  and 
protect  the  fossil.  That  this  has  been  the  case  is  evident  in  many 
>  Jakes  and  Geikie's  Manual  of  Geology,  1872,  pp.  388  and  &&^. 
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%A  -'rr.l  ^>  [-  f!" -.Jt*  i^:  ::t  -Ji*  n:':r:*:i:r»r.  '"■i.-trr  !r.r"Jir::-:TThio  icnrn 
:ji*.  r.-.-.  *ri-'.»r':  :>.r  i-r-i-r^r*.  yi^oyinrri-z  rlzirs  :f  ir.-:T«'i«e  eat  fre- 

'j-.fr.*  r  '.-■:  '.rL,'.^:.  vinilir  in  ir^ta^nz.-:*  to  ti'i-se  'jf^em-vl-r  in  tke 

rr;-i*''-r  r.'.'j-".:  ^.^  nii-^d  wi-h  :L-r!r..  b=i:  n::  in  STifioien:  •iiAntitr  to 

i':«^.  ■.r.if'.r:.':.  -i:.  I  vi  ir-f-.-riir  iv.nr  :hv  rr*::::  s?  :m:.  as  a  general 
r.!':.  •r.f:  '\':^:yz  '.he  wi'rr  in  wl::L  :hr  Cr:n:ii5  Live  I.  or  the  further 
fr ,.'.'.  !'i .-..:.  \i.':  r^irrr  'ir.  1  hiri^rr  wDoii  V-  the  limestone  dep^^sit, 
*»'...'. ^.\  v.':  r-:v<:r-':  w>;j!d  l-rr  the  case  in  sbilli-w  water  or  near  land. 
\'rj  *'>,%'f%ri'jri  'f^  ^h'j  coiiit  a::d  of  the  t-ei  ir'the  <ea,  a Crinoidal  deposit 
or  f/.\',r,y  ru'.'j:}.^  r^;  br^Ti^ht  ne-'ir&r  to  land,  the  'i^aiudation  from  which 
^f,n'A  f'/rri  -hf»I^:  or  <v'in-I-V.*r  1«.  m  the  case  might  be:  if  these  again, 
hy  tr.';  '>/:iilriti'.Ti  of  the  sea-ly.-^l.  should  sink,  further  Crinoid  deposits 
f/*i;'ht  f;jk/;  \,hif:f:;  and  a  refietition  of  tliis  process  mav  have  been 
jr'*iri;: ''?»  ^'r  r»^':H,  as  those  dej^osits  are  found  of  great  thil^kness.  with 
f^/itiHihutil  \»of\n  of  hhale  or  other  partings,  sometimes  thin,  and  at 

>  Lyi\V%  Student'i  Elements  of  Geologv,  1871,  p.  S20. 
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othen  of  oonsiderable  thickness.  Further,  to  show  that  each  oscil- 
lations have  taken  place,  we  have  evidence  that  sometimes  Crinoids, 
after  partial  decomposition,  were  present  and  exposed  to  wind  on  a 
sandy  shore.  Many  persons^  when  walking  on  the  shore  of  our  own 
coasts,  probably  may  have  found  the  tests  of  sea-urchins  blowing 
about,  partially  filled  with  the  fine  dry  sand  of  the  beach.  K  these 
are  afterwards  blown  into  a  day  or  muddy  deposit,  so  common  in 
estuaries,  they  would  be  filled  up  with  the  mud  and  buried.  These, 
if  found  hereafter  in  a  raised  bed,  partially  or  entirely  fossilized, 
would  present  much  the  appearance  of  Fig.  5,  representing  the 
section  of  a  Rhodoerinus,  found  in  a  shaly  bed  in  the  Mountain  Lime- 
stone at  Clithero  ;  the  lower  part  of  the  fossil  being  filled  with  fine 
sand  (siliceous  and  calcareous),  the  upper  part  with  mud  very  similar 
to  the  argillaceous  calc-shale  of  the  bed  in  which  it  was  found :  and 
similar  cases  are  not  very  xmcommon  in  bivalves  and  other  fossils 
from  these  beds.  In  the  Salt  Hill  Quarry  at  Clithero  there  is  a  thick 
bed  of  Crinoidal  limestone,  composed,  as  in  the  beds  above  named, 
almost  entirely  of  portions  of  columns  which  have  evidently  been  so 
exposed  on  a  shore  and  subjected  to  a  similar  process.  In  almost 
eveiy  case  the  centre  of  the  circular  column  to  which  the  JtbrO'Carti- 
laginons  process  is  confined  being  decomposed  and  removed,  the  cavity 
has  been  partially,  or  sometimes  entirely,  filled  up  with  sand,  as  in 
Fig.  6,  the  fine  sand  frequently  containing,  as  in  the  case  above 
alluded  to^  small  portions  of  the  channelled  arms  and  of  the  minute 
pinnules  or  tentacles  which  fringe  the  arms  of  the  Crinoid,  thus 
demonstrating  the  disintegration  of  these  parts  of  the  animal  before 
the  columns  entirely  broke  up.  That  part  of  the  cavity  which  is  not 
occupied  by  the  sand  is  often  full  of  transparent  calc-spar. 

Note  on  Variatians  in  the  ConstriLction  of  the  Columns. 

In  the  paper  above  alluded  to,  in  Vol.  VIII.  p.  241,  of  this 
Magazine,  it  was  stated  that  a  fibro-cartilaginous  process  ran  longi- 
tudinally along  the  interior  of  the  column,  ^he  rays,  and  of  the  side- 
arms,  by  which  flexibility  and  the  power  of  regulating  the  movement 
were  given  to  these  parts,  and  in  illustration  sections  of  a  recent 
Pentacrinus  are  given,  in  which  the  membranes  were  manifest.  It 
was  also  stated  that  the  longitudinal  fibres  were  differently  disposed 
in  different  genera,  in  some  cases  surrounding  and  adjacent  to  the 
central  canal,  and  in  others  in  bundles  or  lobes  round  the  canal,  but 
towards  the  exterior  of  the  column.  The  first  arrangement  appears 
to  apply  to  round  or  elliptical,  and  the  second  to  radiated  pentagonal 
or  polygonal  columns,  irrespective  of  their  geological  age. 

In  itxQ  last  volume,  Vol.  IX.,  at  page  387,  Mr.  J.  E.  Lee  gives  a 
section  of  a  sub-quadrangular  column  of  a  Cupressocrinus  from  the 
Devonian  formation,  very  similar  in  condition  to  the  Chert  specimen 
from  the  Mountain  Limestone  (Fig.  8,  PI.  VI.,  Vol.  VIII.) ;  but  in  the 
Devonian  the  cast  of  the  central  canal  is  surrounded  by  four  and 
sometimes,*  Mr.  Lee  states,  five  smaller  columns,  as  shown  in  Fig.  3 
in  his  paper.  These  I  take  to  be  siliceous  pseudomorphs  of  the 
central  canal,  and  of  bundles  of  fibres  similar  to  tiio^^  ^Wn\i  vcl 
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xk^  rfceat  FemtamamM  m  F%k  1  ab-I  6,  in  the  ffloitiiiioB  to  bj 
paper  m  iLoTei  bet  wiudi  ftz«  ncc  seen  in  die  Chert  ycjaen  hooL 
tLe  Koanuin  LiixudSuae,  a«  the  fibves  pifd  duooigh  the  oentni 
Krew.Iikf  p>rtkii.  ai^i  not  in  bsnii€«^  In  the  Ttiair  Pentncrinitee 
tL&  ^bro-cartilagin-i'SS  Iobei&  Are  dispj«ed  toj  amilaHj  to  thoee  in 
the  DEcec:  species.  LaTin^  a  ring  of  p>r»  ronnd  the  oentni  canal, 
and  fire  I^bes  ndL&dng  from  is.  as  in  Fig.  7^  whilst  in  the  elliptical 
oolamn  of  the  Kooniain  Limestiwe  Flat^erinm»  ^Fig.  8),  and  in  tiie 
circolar  ocrlanm  of  the  Oolidc  ApiocrimmM  i  Fig.  9^,  the  poies  aie  dis- 
trxb:2ted  roand  the  centre  canaL  I  hare  also  some  portions  of 
snb-pentagonal  columns  from  Clithero,  differing  from  those  of  other 
genera  found  in  the  Mountain  Limesione  in  that  district,  which  an 
generally  circular  in  section.  These  Tary  in  diameter  from  half  an 
inch  to  more  than  an  inch  :  a  section  of  one  is  shown  in  Ilg;  10.  A 
thin  section  mider  the  microscope  shows  the  fibro-cartilaginoiis 
stnictare  roond  the  inner  edge  of  the  outer  ring  of  the  column,  hut 
in  DO  instance  have  I  found  the  central  portion  so  perfect  as  to  show 
the  central  canal  or  any  oiganization.  Xo  head  has  been  foimd 
which  can  be  supposed  to  belong  to  these  columns,  a  remark  which 
applies  to  many  other  columns,  and  most  particalariy  to  the  larger 
ones,  frequently  found  abundantly  in  the  Limestone^  Probably  this 
may  be  accounted  for  by  the  decomposition  of  the  investing  mem- 
bcane  above  alluded  to. 

By  the  kindness  of  Mr.  £.  HoUier,  I  have  procured  pieces  of 
oolamns  from  the  Silurian  formation  at  Dudley,  including  TouBOcriuus, 
Ferieehocrinus,  Aciinocrinus.  Jfarsuptocrinug,  Cjfathocriuus,  and  two 
columns  undetermined,  as  they  were  without  heads.  Of  these  I 
have  liad  slices  mounted  for  the  microscope,  and  find  on  examination 
tliat,  although  there  appears  to  be  a  general  similarity  in  construction 
with  the  round  columns  of  the  Mountain  Limestone,  as  they  are 
more  metamorphosed  by  crystallization,  the  details  are  more  difficult 
to  distinguish.  Some  of  them  exhibit  pentaphylloid  sections  of  the 
central  canal,  as  the  Taxocrinu$  and  Cyathocnnus,  whilst  the  3far- 
Bupiocrinus  shows  a  rosaceous  section.,  the  petals  being  wide  and  the 
divisions  between  them  forming  very  acute  angles;  but  I  cannot 
satisfactorily  make  out  the  fibro-cartilaginous  structure  round  the 
canal,  though,  from  appearances,  it  is  probable  that  it  would  be  found 
by  further  examination  with  a  great  number  of  specimens. 

Kote  on  Euryocrinus  (Phillips), 

Tliis  Crinoid,  which,  from  its  rarity  and  the  very  imperfect  state  of 
tlje  specimens  hitherto  found,  is  little  known  (neither  the  column, 
arms,  nor  dome  having  been  recognized),  is  yet  interesting  from  the 
pirculiarity  of  the  junction  of  some  of  the  plates  which  form  the  cup. 
The  only  published  notice  of  this  genus  which  I  have  been  able  to 
find  is  in  Phillips'  Geology  of  Yorkshire,  part  ii.  p.  205,  and  figured 
in  plate  4,  figs.  14  land  15,  which  appear  to  be  drawn  from  two  speci- 
mens  in  the  Gilbort>>on  collection  now  in  the  British  Museum ;  the 
demjription  given  being  merely,  ''Pelvic  opening  pentagonal;  ar- 
rangement of  plates  like  £ncrinusy  internal  cavity  very  large."     A 
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third,  and  in  some  repects  a  rather  more  perfect  specimen,  from 
Clithero,  is  now  in  my  hands,  and  from  it,  with  the  help  of  those  in 
the  Musenm,  the  genus  may  be,  in  some  respects,  more  fully  de- 
scribed. Using  M.  de  Eoninck's  nomenclature  of  the  plates,  it  may 
be  represented  as  having  a  base  pentagonal  and  tripartite,  small  and 
pierced  for  a  pentaphylloid  central  canal ;  subradials,  four  pentagonal, 
about  as  wide  as  high,  one  hexagonal^  one  and  a  half  times  as  high 
as  wide,  which  is  the  first  anal  plate.  The  base-lines  of  two  of  the 
pentagonal  and  of  the  hexagonal  plate  are  not  quite  straight,  but  fit 
into  the  very  obtuse  angle  formed  by  the  junction  of  the  plates  of  the 
base.  There  are  five  sets  of  primary  radial  plates,  the  third  plate 
bifurcating,  or  sometimes  the  fourth,  even  in  the  same  specimen,  an 
irregularity  which  I  have  observed  occasionally  in  the  AciinacrinuB. 
All  the  ladials  are  about  twice  as  wide  as  high,  and  are  thick,  and 
overlap  on  the  lower  side,  falling  over  and  hiding  a  recess  in  the 
plate  under  it,  making  the  second  and  third  radials  appear  to  be 
oonoentrically  curved  both  top  and  bottom,  but  at  the  back  of  the 
plates  the  joints  are  straight,  as  shown  on  the  face  as  in  Figs.  11, 
11a,  and  116  is  a  section  of  two  plates  showing  the  overlap.  The 
joints  are  wrinkled  on  the  face  and  at  the  angles  rather  more  coarsely 
than  is  the  case  with  many  other  Crinoids.  This  overlap  must  add 
to  the  strength  of  the  unusually  wide  cup,  and,  so  far  as  my  experi- 
ence goes,  it  is  peculiar  to  this  genus.  Of  the  inter-radial  plates  one 
series  consists  of  a  single  row  standing  on  the  anal  plate ;  the  others 
are  irregular,  but  generally  similar  in  arrangement  to  those  of  the 
Adinocrinus, 

EXPLANATION  OF  PLATE  XI. 

Fio.  1. — Cross  section  and  side  yiew  (Fig.  la.)  of  a  column  and  side  arm,  sliowing  the 
branching  of  the  central  canal  of  the  side-arm  from  that  of  the  column, 
and  on  the  side  new  showing  the  obtusely  conical  seat  of  a  side-arm. 

Fio.  l^. — Conical  end  of  a  side-arm  detached  from  its  seat. 

Fio.  Ic. — Cross  section  of  a  column,  through  two  side-arms,  showing  the  connexions 
with  the  central  canal. 

Fio.  2. — Side  yiew  of  a  column  and  side-arms,  showing  the  gradnal  expansion  of  the 
plates  of  the  column  to  suit  the  growth  of  the  side-arra. 

Fio.  3. — Portion  of  a  section  of  a  column,  with  bifurcation  of  the  strise.  The  central 
portion  decomposed. 

Fio.  4. — Portion  of  a  large  weathered  column  showing  concentric  rings  of  increase. 

Fig.  5. — Section  of  Rhodocrinus,  the  lower  part  of  the  interior  filled  with  consoli- 
dated sand. 

Fio.  6. — Section  of  a  column  partially  filled  with  consolidated  sand,  the  remainder  of 
the  interior  being  subsequently  filled  with  Calc-spar. 

Fio.  7. — Section  of  a  column  of  a  Liassic  Pentacrinite. 

Fio.  8. — Section  of  an  elliptical  column  of  Mountain  Limestone  Flatt/crinus, 

Fio.  9.— Section  of  a  column  of  Apiocrinus  (Oolitic),  showing  structure  and  rings  of 

increase. 
Fio.  le. — Section  of  a  subpentagonal  column  from  Mountain  Limestone. 

Fio.  11. — Side  yiew  of  part  of  the  calyx  of  Euryoerinns^  showing  arrangement  of 

radial  and  inter-radial  plates. 
Fio.  11a,  \lb, — Face  and  section  of  two  radial  plates  of  Euryoerinus,  showing  the 

oyerlapping  of  the  plates. 
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y. — Ok  ths  Fobaminifbra  and  Spokobs  or  ths  IJfpsb 

Qrbbnsand  or  Cakbbidob.^ 

By  W.  JoHKBOK  80LL4B,  Anodate  of  the  Royil  Bcliool  of  IfinMi  Londoa, 

Scholar  of  St  John's  CoUcga,  Camhiidge. 

THE  Upper  Greensand  of  Cambridge  oconra  as  a  thin  bat  Teiy 
important  bed,  coyering  the  eroded  sorfaoe  of  the  Gkialt,  and 
blending  upwards  into  the  overlying  Chalk-marL  It  consists  essen- 
tially of  Chalk-marl,  saturated  with  green  grains  of  Glaueonite,  and 
crowded  with  a  variety  of  fossils.  The  fossils  in  great  part  derive 
their  origin  from  the  Gkult,  out  of  which  they  have  been  concen- 
trated by  a  natural  process  of  levigation.  At  the  time  when  the 
Gault  sea  was  shallowing  to  its  close,  its  submarine  shores  became 
eroded  by  a  cold  current  flowing  from  the  north,  which  bore  away 
its  lighter  sedimentary  clay,  and  left  its  imbedded  fossils  behind,  to 
be  subsequently  rolled  into  the  sublittoral  deposit  of  the  Upper 
Greensand.  Thus  it  happens  that  in  our  neighbourhood  the  upper- 
most beds  of  the  Gault  are  not  to  be  found,  and  their  only  represen- 
tative is  this  more  pebble-bed  at  the  base  of  the  Chalk,  llie  rich 
fauna  in  our  formation  thus  collected  ready  to  the  hand  of  the 
Falseontologist  has  been  well  worked  out  in  its  higher  develop- 
ments by  Mr.  Barret,  Mr.  Seeley,  and  various  otiier  observers.  Of 
the  Protista  and  Ccelenterata,  however,  some  departments  have  been 
left  all  but  untouched ;  and  it  is  to  the  Sponges  of  the  latter  and 
the  Foraminifera  of  the  former  that  my  paper  refers.  The 
Foraminifera  occur  abundantly,  and  in  a  rich  variety,  which  seems 
to  anticipate  their  more  luxuriant  appearance  in  the  succeeding 
Chalk.  The  Vitrea  perforata  are  represented  by  large  forms  of 
Bulimina,  I'extuiaria,  and  OrtJwcerina,  which  mimic  truly  arenaceous 
foraminifera  by  imbedding  the  siliceous  and  volcanic  sand  of  the 
fonoation  in  their  tests.  Cristellariay  Flahelltna,  and  Frondictdaria 
are  numerous,  and  of  very  fine  growth ;  the  Frondtcidaria  some- 
times attaining  a  ^''  in  length. 

Rotalina  is  an  abundant  genus,  so  also  are  Olohigerina  and  Lagena, 
The  occurrence  of  this  latter  genus  is  noteworthy,  for  with  the 
exception  of  one  species,  Z.  apicvlata  found  in  the  Gault  on  the 
Continent,  it  has  not  been  met  with  before  below  the  Maestricht 
Chalk ;  in  the  Greensand,  however,  are  several  species,  both  of 
Ectosolenian  and  JEntosolenian  forms,  of  which  one  at  least  appears 
to  be  identical  with  a  living  species  (Z.-  squamosa)  of  the  British 
seas.  The  large  and  numerous  Trochammtna  and  Litw>la  constitute  a 
marked  feature  of  the  deposit  Of  the  same  size  as  the  Foraminifera, 
and  associated  with  them,  occur  those  characteristic  green  grains, 
whose  origin  in  this  formation  has  so  long  remained  a  subject  for 
the  merest  conjecture.  It  is  well  known  that  off  the  coast  of 
America,  in  the  -Sgean,  and  in  some  fossil  deposits,  green  grains  have 
been  met  with,  distinctly  derived  from  casts  of  Foraminifera.  It  was 
denied,  however,  that  this  was  the  case  with  the  green  grains  of  the 

1  Bead  before  the  Cambridge  Phil.  Soc.,  March,  1873. 


W.  J.  Sottas — On  Oreenaand  Foramimfera  and  Sponges.     269 

Upper  Greensand  formatioii.'  Mr.  Seeley  ^  considered  that  they  were 
mostly  derived  from  wasted  Yoloanic  rooks,  and  the  numerons 
Yolcanio  erratics  in  the  deposit  seemed  to  lend  some  support  to  his 
conjecture.  It  was  with  the  full  conyiction  that  this  explanation 
was  the  true  one,  that  I  commenced  an  extended  examination  of 
these  grains :  it  was  not  long,  however,  before  I  convinced  myself 
to  the  contrary ;  and  I  now  feel  assured  that  the  majority  of  the 
Olauoonite  granules  are  undoubtedly  casts  of  Foraminifera.  What 
one  is  at  once  struck  with  is  the  constancy  in  form  of  a  number  of 
these  green  grains,  many  of  them  constantly  appearing  as  rounded 
tetrahedra,  divided  into  projecting  lobes  by  deep  sulcations,  which 
are  generally  lined  at  die  bottom  with  white  calcareous  matter, 
serving  well  to  define  the  limits  of  each  lobe.  While  examin- 
ing these  forms,  which  roughly  resemble  ^iJtmtna,  one  comes 
across  others  almost  exactly  similar  to  Textvlariay  Globi^rina, 
or  even  delicate  Nodosaria,  llie  grains  resembling  Bviimina  in 
riiape  are  similar  also  in  size,  and  the  same  is  the  case  with  the 
Textularine,  Nodosarine,  and  Qlobigerine  forms.  A  section  of  one  of 
the  Bulimine  forms  frequently  reveals  the  septa  of  its  chambers,  or 
something  representing  them,  still  extending  to  a  greater  or  less 
extent  inwards  between  their  casts.  The  cracks  and  interstices  of 
the  coprolites  of  the  Greensand  are  frequently  injected  with  Glauco- 
mte,  and  this  proves  at  least  the  possibility  of  a  similar  infiltration 
of  the  Foraminifera.  Nothing,  however,  can  be  more  conclusive 
than  the  occasional  occurrence  of  a  green  grain  which  is  still 
enveloped  in  the  actual  test  of  the  Foraminifer  whose  chamber  it  has 
filled ;  here  we  have  an  undoubted  case  of  a  foraminiferal  cast,  and 
as  regards  the  other  green  gp^ins,  their  resemblance  in  size  and 
riiape  to  the  Foraminifera  accompanying  them,  and  the  appearance 
of  many  of  them  in  section,  lead  us  to  the  conclusion  that  they  like- 
wise owe  their  origin  to  Foraminifera. 

The  fossils  we  have  thus  far  touched  upon  are  probably  contempo- 
raneous with  the  Greensand  itself.  We  now  approach  forms  which 
are  almost  to  a  certainty  derived  from  the  Gault  The  Coprolites  of 
our  formation,  since  they  first  received  their  name  from  Prof. 
Henslow,  have  passed  through  a  somewhat  eventful  career.  It  was 
soon  seen  that  they  were  not  what  their  name  implies,  but  the  con- 
jectures hazarded  concerning  their  real  nature  fell  somewhat  wide 
of  the  mark,  till  Mr.  Bonney  published  his  valuable  suggestions,  by 
which  was  indicated  the  first  step  towards  the  elucidation  of  their 
origin. 

The  first  fact  of  importance  to  be  noticed  in  reference  to  the 
Coprolites  is  their  marked  connexion  with  previously  existing, 
highly  decomposable,  organic  matter.  The  polished  surfaces  of  the 
teeth  of  OtoduSj  and  of  the  palates  of  Pycnodua,  are  seldom  or  never 
encrusted  with  Coprolite;  while  their  attached  surfaces,  to  which 

'  Mr.  Bonney,  however,  eipressed  bis  belief  that  many  of  the  green  grains  would 
lie  found  to  owe  their  origin  to  Foraminifera. — Proceedings  Geol.  Assoc,  vol.  iii.,  no.  1, 
p.  6. 

>  Gbol.  Mao.  Vol.  III.,  p.  305,  1866.    , 
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were  adherent  softer  animal  tissnes,  are  often  oompletelj  imbedded 
in  it.  So,  also,  the  sternal  surfaces  of  GruBtaoea  are  bnrted  in  (}opio- 
lite,  while  this  is  seldom  the  case  with  the  exposed  surfaces  of  thdr 
carapaces.  Other  examples  might  be  adduced,  and,  indeed,  instaneei 
of  the  same  fact  mult^ilied.  almost  wilfaout  emd.  An  additiflHl 
argument  on  this  point  is  famished  to  ns  bj  analyses,  wfaidi  piofs 
as  a  general  result  that  organic  matter  still  exists  in  the  OoproKteS) 
and  that  sometimes  to  the  extent  of  6  per  cent  This  makes  itself 
evident  by  a  smell  of  burnt  horn  when  the  nodules  are  heated,  and  hy 
an  odour  like  petroleum  when  they  are  dissdved.  Not  only  in  the 
Oreensand,  but  in  various  other  formations,  this  connexion  of  Copio- 
lite  with  animal  matter  has  been  observed.  It  is  strikinglj  noties- 
able  in  the  Coprolites  of  the  Bed  Crag,  which  have  been  derived 
from  the  London  Clay,  as  those  of  the  Oreensand  from  the  Ghralt 
The  palates  of  Myliobates  are  found  in  the  Crag  with  their  biting 
surfaces  exposed  and  bare,  whilst  their  attached  surfiEU»8  are  deeply 
incrusted  with  the  Coprolite.  So,  also,  with  the  teeth  of  Careharodem, 
Otodus,  and  their  allies ;  great  balls  of  Coprolite  surround  their 
bases,  but  leave  their  blades  perfectly  clean.  The  incrusted  Crustacea 
of  the  Crag  are  sometimes,  however,  completely  inclosed,  in  Copro- 
lite. Analyses  here,  as  in  the  Oreensand,  indicate  the  presence  of 
organic  matter. 

Various  other  deposits  contain  nodules,  which  present  characters 
more  or  less  in  accordance  with  the  foregoing ;  but  most  interesting 
are  the  forms  of  the  Lower  Silurian  of  Canada,^  which  oflfer  striking 
illustration  of  the  fact  we  have  been  adducing.  Here  the  phosphatic 
matter  incloses  Lvigula,  and  fills  casts  of  Fleurotomaria  and  Holopea. 
When  heated  it  evolves  amnioniacal  water,  with  an  odour  like  burnt 
horn.  It  almost  always  contains  fluorine,  and  is  sometimes  sur- 
roimded  on  the  exterior  by  iron  pyrites,  as  also  are  some  of  our 
Oreensand  forms,  a  fact  of  significance  in  relation  to  the  formation  of 
these  bodies,  and  strictly  paralleled  by  the  similar  incrustations 
sometimes  found  around  certain  flints.  Analyses  made  of  these 
Silurian  Coprolites  always  yield  a  large  "per-centage  of  organic 
matter. 

This  connexion  between  Coprolites  and  organic  matter,  which 
derives  siipjwrt  from  almost  every  fact  which  an  investigation  of 
tlieso  forms  brings  to  light,  furnislies  us  with  a  basis  for  a  scientific 
definition  of  the  term.  The  original  meaning  of  the  word  Coprolite 
has,  in  reference  to  our  Upper  Oreensand  forms,  long  ago  been  washed 
out,  and  has  become  replaced  by  a  perfectly  distinct  signification  in- 
dicating the  phosphatic  fossils  of  our  formation,  or  more  rostriotedly 
such  of  them  as  are  of  obscure  or  uncertain  origin.  The  word  is  not 
a  good  one,  but  in  face  of  its  almost  universal  adoption  one  cannot 
hope  to  exterminate  it  Flints  are  scarcely  likely  to  ac(|uire  a  name 
after  some  long  Oreek  derivative,  and  Coprolites  could  hardly  do 
so  a  second  time.  As  one  is  not  at  liberty  to  choose  a  new  name  for 
these  bodies,  I  jiropose  to  limit  the  application  of  the  old  one,  and 
to  call  those  bodies  Coprolites  which  are  produced  by  the  phosphatic 
^  Geological  Surrey  of  Canada,  Edition  1863,  p.  461. 
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fossilizivtion  of  organic  matter,  or  of  the  immediate  products  of  its 
decomposition.  This  does  no  violence  to  the  obvious  meaning  of  the 
word,  which  may  as  correctly  be  derived  from  "  manure-stone  "  as 
from  "fossil-dung." 

A  Coprolite  thus  serves  as  an  index  of  pre-existing  organic  matter, 
and  the  task  of  the  Palseontologist  lies  in  definitely  determining  from 
what  particular  form  this  organic  matter  has  in  each  particular  in- 
stance been  derived.  With  the  fossil  remains  of  Eeptiles,  Crustacea, 
Molluscs,  or  of  Ventriculites,  the  question  could  never  have  presented 
more  than  a  passing  difficulty,  but  in  certain  other  cases  it  has  proved 
so  far  problematical  that  no  satisfactory  solution  has  been  reoeived 
up  till  very  recently.  I  now  propose  to  suggest  an  explanation 
which  has  lately  been  worked  out,  and  which  to  my  mind  seems 
thoroughly  to  meet  the  case.^ 

The  ordinary  nodules  impress  one  with  their  resemblance  to 
sponge  forms  at  first  sight,  some  are  rod-like,  solid  throughout,  and 
attached  at  one  end  {Rhahdotpimgid) ,  others  cylindrical,  with  a 
central  cloaca  {Bonneyia),  some  again  are  cup-shaped  {Hylospongia), 
others  massive  and  lobose  {Aeanthophora),  while  some  are  branchings 
and  others,  finally,  are  incrusting.  On  closer  examination  of  these 
nodules,  one  is  frequently  rewarded  by  finding,  on  the  exterior  sur- 
face, little  pits  of  most  definite  characters.  They  are  oval  or  cir- 
cular hi  shape,  and  from  ^"  to  -^"  in  diameter.  Their  circumference 
w  often  depressed  into  a  concave  border,  across  which  pass  regular 
striations,  friUing  it  like  the  milled  edge  of  a  coin  ;  sometimes  these 
groovelets  cease  at  the  outer  border  of  the  little  pit,  at  others  they 
pass  across  it  and  wander  for  a  long  way  until  they  are  ^  lost  in  the 
surrounding  surface.  The  general  character  of  these  pits  is  strik- 
ingly suggestive  of  sponge  oscules ;  still  more  so  is  their  arrangement. 
Frequently  they  are  grouped  in  sieve-like  patches,  sometimes  they 
occur  on  one  side  only  of  the  nodule,  and  occasionally  they  are 
terminal ;  in  all  these  respects  they  find  close  parallels  among  exist- 
ing sponges. 

Besides  these  osculiform  pits  are  numerous  minute  punctae,  which, 
in  the  Gault  Coprolites,  are  seen  to  be  the  distinctly  open  termina- 
tions of  fine  canals.  In  the  Greensand  fonns,  however,  these  canals 
have  become  filled  up  since  the  nodules  were  washed  out  from  the 
Gault,  and  their  openings  consequently  appear  as  mere  specks  of  a 
lighter  colour  than  the  suiTounding  substance.  In  other  fossil 
sponges  minute  openings  similar  to  these  would  bo  called  ."j)ore8" 
by  Palaeontologists.  These  are  all  the  observations  one  can  make 
without  the  aid  of  instruments,  but  all  the  characters  we  have  so  far 
noted  agree  essentially  with  those  of  sponges,  and  not  with  any- 
thing else. 

It  now  becomes  necessary  to  examine  the  Coprolites  mcfre  in 
detail — in  sections  and  solutions  under  the  microscope.  When  I 
came  to  do  this,  the  necessity  for  preparing  an  extensive  series  of 
sections  at  once  presented  itself  as  a  difficulty.     Mr.  Bonney,  how- 

*  Quart.  Joum.  Geol.  Soc.  Lond.,  Rer.  0.  Fisher,  vol.  xxix.,  p.  62 ;  and  "W.  J. 
SoUas,  Tol.  xxviii.,  p.  397,  and  toI.  xxix.,  p.  76. 
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ever^  with  his  uniform  kindness,  placed  at  my  disposal  a  large 
number  of  slides,  on  which  are  founded  my  sucoeeding  observations. 

The  parts  of  a  sponge  which  are  most  likely  to  be  preserved  are  its 
siliceous  spicules,  and  in  most  of  the  Coprolites.of  the  formation 
spicules  of  one  kind  or  another  are  to  be  found  in  greater  or  less 
abundance ;  a  few  simple  needle-shaped  spicules  may  generally  be  met 
with  in  any  ordinary  nodule,  but  in  some  particular  forms  they  are 
especially  numerous.  Bhahdospongia  has  furnished  some  very  fine 
examples ;  but,  in  the  number  and  variety  of  their  contained  spicules 
Polyacantha  Ether idgii  and  Acanthophora  ITartogii  far  surpass  all  the 
rest.  In  both  of  these  species  hexradiate,  quadriradiate,  triradiate^ 
and  sinuous  spicules  are  to  be  met  with,  and  one  of  them  is  character- 
ized especially  by  its  porrecto-  and  recurvo-temate  forma.  It  is 
important  to  notice  that  the  spicules  are  not  only  of  indisputable 
sponge  forms,  but  are  sometimes  also  arranged  in  a  manner  which 
seems  to  indicate  that  they  occur  t»  tiiu,  and  were  not  washed  in 
during  fossilization. 

Various  other  bodies  accompany  the  spicules  in  these  sections,  and 
in  solution.  Little  spherules  -^-^ ''  -^^ "  are  not  uncommon,  and 
unless  they  are  spicular  in  origin,  it  is  difficult  to  conceive  what 
else  they  can  be  but  sponge  gemmules.  In  some  sections  X.aaiikidia 
may  be  observed  of  the  same  species  as  those  of  the  Chalk — X, 
hirauium,  X.  ramosum,  X.  tuhi/erum.  Polycyatina  of  various  genera 
also  occur,  and  will  shortly  be  described ;  forms  resembling  Salicmma 
may  be  noticed  of  somewhat  common  occurrence. 

It  is  important  to  notice,  as  deciding  the  siliceous  nature  of  the 
included  spicules,  that  on  dissolving  the  Coprolites  in  concentrated 
hydrochloric  acid,  an  insoluble  residue  remains,  which  contains  the 
spiculao  of  the  organism,  together  with  its  included  Polycy$iina  and 
the  Xanthidia  just  enumerated.  These  may  easily  be  observed 
under  tlie  microscope  by  suspending  the  residue  that  contains  them 
in  a  little  water,  and  placing  a  drop  of  this  on  an  ordinary  glass 
slide.  The  Xanthidia  that  may  bo  present  are  really  beiautiful 
objects ;  floating  in  the  water  on  the  slide,  they  swim  about  freelyin 
its  currents,  and  catch  with  their  claw-like  processes  at  every  little 
obstacle  in  their  way,  as  though  they  were  really  alive. 

Mr.  Carter  *  has  observed  tliat  in  certain  subspherous  sponges  the 
contractility  succeeding  death  is  often  so  great  as  almost  to  obliterate 
all  tlieir  canals.  That  the  organisms  which  furnished  the  Coprolites 
underwent  great  contraction  after  death  is  shown  by  tlie  deep  creases 
with  which  they  are  generally  marked,  while  their  contraction  after 
fossilization  is  exhibited  in  quite  a  different  manner  by  numerous 
shari)ly  defined  cracks.  In  consequence  of  this  contraction,  we 
should  scarcely  expect  to  find  more  than  mere  traces  of  canals  now 
preserved,  and  as  a  general  rule  we  do  not  There  are,  however, 
some  exceptional  cases;  for  sometimes  lighter  streaks  are  seen  drift- 
ing tlirough  the  dark-brown  Coprolite  somewhat  like  the  digitations 
of  a  river  in  its  delta ;  and  in  single  instances  a  vacant  tube,  circular 

*  A  descriptive  account  of  four  subspherous  sponges,  Arabian  and  Britiah.  J.  H. 
Carter,  F.U.S ,  Ann.  "Slag.  Nat.  llist.,6er.  4,  toL  iv.,  p.  1,  1869. 
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in  section,  is  preseryed,  into  wliich  canals  may  be  seen  opening  on 
all  sides  from  the  surrounding  matrix. 

On  a  review  of  the  evidence  I  have  just  brought  forward,  few,  I 
think,  will  be  disposed  to  deny  to  a  large  proportion  of  the  Copro- 
lites,  whose  nature  has  for  so  long  remained  doubtful,  a  spongeous 
origin ;  their  constancy  in  sponge  form,  the  characters  and  arrange- 
ment of  their  well-marked  oscules,  their  spicules,  and  the  general 
connexion  of  coprolitic  deposition  with  pre-existing  animal  matter, 
seem  to  force  upon  us  the  conclusion  that  to  a  large  extent  they  owe 
their  origin  to  sponges.  The  task  now  remains  to  determine  the 
fi&milies  and  genera  of  recent  sponges  to  which  these  fossils  are  most 
nearly  allied  ;  this  will  be  a  matter  for  laborious  research,  but  so  far 
as  my  investigations  have  yet  carried  me,  I  feel  myself  justified  in 
pointing  to  the  families  JEsperiacUB  (Dr.  J.  E.  Oray)  and  Tethyada 
(Gray)  as  those  to  which  a  number  of  these  forms  approach  most 
nearly ;  while  others  hold  most  undoubted  relations  to  the  ffaliehon' 
drida  (Gray). 

In  connexion  with  this  subject,  I  may  mention  that  spicules  of 
OeodidcBf  TethyadcBy  and  other  genera  have  already  been  definitely 
determined  from  the  Upper  Greensand  of  Blackdown.^ 

Besides  this  comparison  of  the  Greensand  fossil  sponges  with 
living  forms,  there  also  remains  to  be  accomplished  their  correlation 
with  the  Coprolites  of  other  deposits,  a  work  only  just  entered  upon ; 
it  is  interesting  to  nole,  however,  that  so  low  down  as  the  Lower  Silurian 
of  Canada,  Coprolites  have  been  found,  one  specimen  of  which,  un- 
usually rich  in  organic  matter,  contained  small  cylindrical  bodies 
closely  resembling  the  spicula  of  SpoYiges.' 

Travelling  upwards  in  the  stratigraphical  series,  we  find  that  as 
tho  close  of  the  GatJt  is  characterized  by  the  occurrence  of  a  large 
number  of  phosphatic  nodules  or  Coprolites,  so  the  close  of  the 
Chalk  is  distinguished  by  an  abundance  of  peculiar  siliceous  nodules 
or  Flints.  There  is,  moreover,  between  these  Flints  and  Coprolites  so 
decided  a  parallelism,  that  in  speaking  of  the  Coprolites  as  the  Flints 
of  the  Gault,  one  can  scarcely  bo  said  to  bo  iiulnlging  in  metaphor. 
Both  have  been  placed  in  the  category  of  concretions,  both  alike  have 
been  formed  by  tho  mineralization  of  highly  decomposable  organic 
matter.  It  has  been  shown  in  both  cases,  tliat  this  animal  matter 
has  been  largely  derived  from  sponges ;  the  Foraminifera  and 
Xanthidia  so  characteristic  of  the  Flints  are  found  also  in  tho 
Coprolites ;  and  tho  Ventriculites  which  so  generally  accompany  the 
former  are  not  absent  from  the  latter,  since  I  have  recently  shown 
that  several  species  of  Ventriculites  and  Cephalites  are  far  from 
uncommon  in  our  deposit,  and,  indeed,  that  it  is  characterized  by 
the  very  same  species  which  appear  later  on  in  the  Chalk  strata 
(V.iesaelatuSfmammillaris,  cavatuSf  quincuncialis ;  Cephalites  guttatuSf 
eapitaiuSy  etc.,  etc.).' 

1  Fossil  sponi^e  spicules.    Ann.  Mag.  Nat.  Hist.,  ser.  4,  toI.  vi.  p.  192,  1870,  and 
Devon  Assoc.  Advt.  Science,  Lit.,  and  Art,  26th  July,  1870. 
'  Geological  Survey  of  Canada,  loe.  eit. 
'  Quart.  Journ.  Geol.  Soc,  vol.  xxix.,  p.  63. 
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The  difference  exitting  betwtieu  Flints  and  CSoprolitee  is  meidj 
this :  that  in  the  one  case  the  hssis  of  snimal  matter  combined  with 
•  gelatinous  hjrdrio  calcic  phosphate,  and  in  the  other  with  a  gplati- 
nons  silicic  add.  In  both  cases  after  combination  the  oigsiuD 
elements  carbon,  hydrogen,  and  nitrogen  were  slowlj  dissipated, 
while  the  mimeral  matter  remained  behind  as  we  see  it  now. 

The  aowrce  from  which  the  Coprolites  seem  to  have  derived  their 
calcic  phosphate  is  to  be  attributed  directly  or  indirectly  to  the 
waste  of  the  volcanio  rocks  of  the  Lammermnirs  and  of  other 
Northern  localities.  Its  meau$  of  canveyamce  the  cold  current  whibh 
subsequently  eroded  the  Ganlt,  and  brought  down  in  solution  ths 
ferrous  and  other  silicates  to  infiltrate  the  Foramiuiferal  casts. 

Once  more  passing  upwards  in  the  Greologioal  series  to  recent 
seas,  we  come  upon  what  seem  to  be  Coprolites  even  now  in  process 
of  formation,  for  it  is  asserted  by  Prof.  Edwards/  that  a  large  psit 
of  the  guano  of  the  Chincha  Islands  in  no  way  bears  any  resem- 
blance to  the  excrement  of  birds,  but,  on  the  contrary,  is  a  stratified 
deposit  of  Sponges  and  various  Protists  still  in  process  of  fossilization. 

The  anchors  of  ships  weighed  there  ara  said  to  frequently  bri^g 
up  guano  from  the  bottom  of  -the  ocean,  and  microsoopio  analysb 
has  shown  that  the  insoluble  parts  of  the  deposited  guano  consist  of 
sponge  skeletons.  Diatoms  and  Po/ycyjliius,  far  too  well  preserved 
to  allow  us  to  conclude  that  they  have  passed  first  through  the 
intestines  of  Molluscs,  and  then  through  those  of  Birds.  However 
this  may  be — and  one  would  not  wish  to  put  too  much  weight  on 
these  statements  till  they  have  been  abundantly  verified — we  cannot 
but  feel  that  the  dignity  of  excrement  has  already  been  somewhat 
detracted  from;  and  while  on  the  one  hand  the  sponges  have 
recently  received  a  great  elevation  in  rank  in  the  Zoological  king- 
dom, they  have  on  the  other  increased  somewhat  in  importance  in 
the  Qeological  world. 


ITOT'ICES      OIF      IMZBIMIOIIiS. 

I. — On  thk  Geoloot  of  the  Eastern  Portion  or  Eubopkan 

Turkey. 

Die  GEOLOGiscnEN  Verhaltntsbb  des  ostltohen  Tueiles  deb 
EuKOPAisciiKN  Turkei.  Von  Professor  Dr.  Ferdinand  voh 
IIgchstettkr.  2'*  Abtheil.  Jahrbuch  der  K.  K.  gcolog^ischen 
Reichsanstalt,  1872.  xxii.  Bd.  4  Heft. 

S THABO  mentions  as  the  principal  mountain  ranges  of  Boumelia 
tho  Bertisciia,  Scardiis,  Orbelus,  Scomius  or  Scombnis,  the  Rho- 
dope,  and  the  Haemus.  He  also  asserts  that  these  ranges  reach  in  a 
straight  line  from  the  Adriatic  to  the  Black  Sea,  which  notion  was 
until  recently  expounded  in  all  the  handbooks  of  geogi-aphy,  treating 
these  rangcfj,  as  a  central  mountain  ridge,  and  a  continuation  of  the 
Eastern  Alps.      Only  lately  the  discoveries  of  Bono,   Yiquesnel, 

1  Essex  Inst.,  Salem,  Mass.,  Bull.  toI.  i.,  p.  11,  1866.     Ann.  Lye.  Nat  Hist, 
New  York,  vol.  x.,  p.  216, 1871.     Quart  Joum.  Micr.  Soo.,  new  eer.  no.  xIt.,  p.  71. 
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Grisebach,  Lejean,  yon  Hahn,  and  lastly  von  Hoohntetter,  disposed 
of  this  hypothesiB.  Grisebadh  proved  that  the  BertitcnB  conespondB 
with  the  Albanian  Alps,  the  Soardus  with  the  Sohardagh  of  the 
piesent  day.  The  Haemus  is  the  Balkan,  the  Bhodope  still  bears 
the  aame  name»  and  there  is  only  the  Qrbelos  and  Scomios  left :  the 
former  most  probably  corresponds  with  the  liighest  western 
mountains  of  the  Rhodope,  with  the  Perim  and  BUo  Dagh;  and 
the  latter  is  the  Vitos.  The  Yitos  rises  in  the  centre  between  the 
Balkan  and  Hilo  mountains  in  the  heart  of  Turkey.  The  mighty 
mass  of  syenite,  of  which  it  is  composed,  rises  on  a  nearly  oiroular 
basis  from  the  plain  of  Sofia  to  an  absolute  height  of  2300  metres. 
From  this  lof^  mountain  mass  the  four  chief  river-systems  of 
European  Turkey  take  their  rise — the  Marica,  Struma,  Isker,  and 
the  Morawa.  Four  mountain-systems  also  meet  here,  namely,  the 
Balkan,  the  Bumelian  Hills,  the' Bhodope,  and  the  Upper  Moesian 
Mountains.  The  Yitos  may  rightly  be  called  a  syenite  massive,  for 
the  greatest  portion  of  it  is  composed  of  this  rock.  On  the  south 
side  of  the  Yitos,  near  Kovacevoi,  we  only  find  syenite,  which  con- 
Isins  •  considerable  portion  of  magnetic  iron-ore«  The  northern 
dopes  of  the  mountain  mass,  towards  Sofia,  is  almost  solely  com- 
posed of  a  fine-grained  dark  melaphyre-like  rock,  which  is  evidently 
connected  in  the  east  with  the  augite  porphyries  of  the  northern 
portion  of  the  Brdo  mountains,  and  in  the  west  with  the  extensive 
Igneous  district  of  the  Luliin  and  Yisker  mountains.  The  syenite  of 
the  Yitos  is  normal,  sometimes  coarse-grained,  and  contains,  besides 
reddish  orthoclase,  a  white  triclinic  felspar,  and  the  hornblende  varies 
in  colour  from  black  to  green.  Quartz,  magnetic  iron,  titanite,  and 
needles  of  apatite,  with  abundance  of  black  mica,  occur  as  accessory 
minerals.  In  the  neighbourhood  of  Samakov,  where  the  syenite  is 
much  decomposed,  a  rude  iron  industry  has  sprung  up.  The  de- 
composed mass,  which  contains  magnetic  iron  ore,  is  washed,  and 
the  latter  mineral  melted  in  furnaces  of  very'  primitive  ccmstruction. 

The  plateau  of  Samnkov  (960  metres)  is  separated  from  the  valley 
of  Dubnica  (940  metres)  and  Badomir  (618  metres)  by  ranges  of 
hills,  which  are  chiefly  composed  of  old  crystalline  rocks,  which 
oonnect  the  Bilo  mountains  with  the  Yitos.  The  principal  rock  of 
this  range  is  coarsely  fibrous  grey  gneiss,  which  often  assumes  a 
porphyritic  texture,  coiitaiuing  large  lumps  and  crystals  of  felspar. 
Ghunite  dykes  and  veins  are  frequently  met  with,  and  alter  some- 
times into  a  black  micaceous  hornblende  rock  and  into  granular 
amphibolite. 

West  and  south-west  of  the  Yitos,  Hochstetter  discovered  a  system 
of  stratified  rocks,  which  repose  on  the  crystalline  base,  and  stretch 
towards  Dubnica  and  Kadomir  in  a  north  and  north-westerly  direc- 
tion, most  probably  as  far  as  the  valley  of  the  Nisava,  which 
river  divides  these  rocks  from  the  corresponding  ones  on  the  other 
side  of  the  valley,  which  belongs  to  the  Balkan  range.  Hochstetter 
was  able  to  distinguish  three  distinct  systems  of  strata  in  this  district. 
At  places,  where  the  crystalline  basis  is  exposed,  we  find  resting 
directly  on  it  (a)  a  system  of  more  or  less  great  thicknesa  of  t^d.  ^sA 
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white  qnartzose  sandstones,  and  in  close  connexion  with  it  Tsrie- 
gated  friable  marly  shales,  alternating  with  white  and  brown  sand- 
stone beds,  and  with  a  few  layers  of  limestone  and  dolomite.  Best- 
ing unconformably  on  this  is  (6)  a  system  of  g^y  and  white,  rarely 
rctMish,  dense  limestones  and  dolomites  of  enormous  thickness, 
which  at  onoe  remind  one  of  the  character  of  the  limestone  Alps. 
Ttiis  formation  composes  the  Golo  Brdo  Mountains,  the  Eoniavo,  and 
Vrbina  Planina.  The  Struma  riyer  has  broken  through  this  range  (12 
to  loOO  metres)  near  EostendiL  Beyond  this  defile  this  system  of 
rucks  extend  farther  north  in  the  direction  of  Trn  and  beyond. 

Placed  in  comparison  with  the  limestone  series  of  the  Alps,  the  lower 
mnrl  and  sandstone  series  would,  perhaps,  represent  Lower  Trias 
(Wcrfener  Schiefer),  partly  eren  the  Permian  (Rothliegendes),  whilst 
the  upper  portion  of  it  would  correspond  with  the  Middle  and  Upper 
Trias.  But  more  probably  (and  a  few  although  indistinct  fossil  re- 
mains corroborate  it)  this  system  of  rocks  should  be  compared  with 
tlic  northern  Carpathians ;  in  this  case  the  qnartzite,  sandstones, 
and  marls  would  represent  the  Eeuper,  the  beds  and  limestones  above 
K«:ssen  beds  (Avicula  contorta  zone),  whilst  the  principal  mass  of 
limestone  and  dolomite  would  belong  to  the  Jurassic  and  Cretaceous 
Bi'rios.  The  range  of  a  third  system  (c)  is  less  doubtful,  in  the  valleys 
91  d  extending  far  on  the  north-eastern  and  eastern  slopes  of  the 
Eoniavo,  the  Vrbina  Planina  and  northwards  reposes  unconformably 
011  tlie  limestone  beds  a  system  of  strata  of  great  thickness,  which  is 
composed  of  greyish-brown  shaly  sandstones  and  alternating  clayey 
marls.  Sometimes  limestones  are  found  with  this  series.  The 
general  aspect  of  the  low  hilly  country  formed  by  these  beds  much 
ru.senibles  the  character  of  the  Gosau  formation  of  the  Alps,  or  of 
tlie  Carpathian  sandstones,  and  no  doubt  they  belong  to  the  Cre- 
ti'.ceous  series,  most  likely  to  tlie  Gault,  which  is  well  developed  in 
the  Balkan.  Fossils  were  obtained  only  in  two  places,  in  the 
Bunovo  Valley  and  near  Tm,  amongst  them  Ammoniiea  mammiUatus, 
fcjcliloth.,  a  true  Gault  species. 

Analogous  to  the  eruptive  district  lying  between  Burgas  and 
Taiiiboli,  described  in  the  first  p:irt  of  this  paper  (reviewed  in  Geol. 
lyi  AC,  1871,  Vol.  VIII.,  p.  46G),  the  igneous  rt>cks  of  the  Liiliin  and  the 
Vitos  are  also  basic  rocks  of  the  character  of  melaphyres,  augite 
p(>r[)hyries,  and  augitic  oligoclaso  or  labrador  pori)hyries,  which  are 
arcuinpanied  by  widely -spread  stratified  tuffs,  conglomerates,  and 
ainyj^daloids.  West  of  the  Vitos,  and  inclosed  by  it  and  the  Liiliin 
and  Visk  mountains,  lies  a  small  Tertiary  basin,  in  which  is  deposited 
a  bed  of  Brown  coal,  which  is  exposed  at  several  places. 

Between  Vranja  and  Leskowac,  the  Morawa  high  crystalline 
mcmntain  ranges  (2000  metres)  rise  uj),  which  in  S.E.  are  connected 
wiih  the  Rhodope,  and  in  S.  with  the  Schardagh  and  Pindus  systems. 
These  ranges  consist  of  gneiss,  mica  schists,  and  old  clay  slate. 
Kuinerous  rhy elite  and  trachyte  eruptions  in  connexion  with 
much  tuff  forms  another  important  character  of  this  district 
Professor  Hochstetter  gives  in  his  valuable  paper,  not  less  than  in 
the  first  part  of  it  (1871),  a  detailed  description  of  his  many  tours 
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and  exoarsioQB  over  the  ooantry  with  aooompanying  sections  and  a 
new  geological  map,  the  basis  of  which  is  entirely  new  and  com- 
piled by  him  fx^m  the  sorveys  of  Austrian  offioers^  the-  engineers  of 
the  Ottoman  railroads,  and  himself.  He  also  appends  a  valuable 
list  of  heighta  in  the  Eastern  portion  of  European  Turkey. 

C.  L.  Qbibsbaoh. 


IL — Ok  thk  Glacial,  and  C^MPLAni  EkAS  in  New  Enoland. 

By  J.  D.  Daha..» 

DR.  DANA'S  observations  go  to  show  that  the  Glacial  period  was 
an  era  of  transportation  by  ice,  with  the  deposition  from  the 
glacier  of  only  a  small  part  of  the  drift,  including  the  Boulder-clay ; 
while  the  early  part  of  the  Champlain  period,  to  which  he  refers  the 
time  of  melting,  was  an  era  eminently  of  deposition,  and  also  of 
further  transportaiion  by  moving  waters  and  floating  ice.  He  re- 
gards the  Glacial  period  as  of  great  duration,  and'  expresses  the 
opinion  that  one  foot  a  week  was  the  average  rate  of  the  movement 
of  the  ice,  so  that  10',000  years  would  be  required'  to  carry  a  boulder 
one  hundred  miles. 

The  general  course  of  the  movement  over  New  England  was  to 
the  south-east  In  the  northern  part  of  this  country  he  estimates 
the  ice  to  have  had  a  thickness  of  from  5,000  to  6^^500  feet^  and  in 
the  southern  part  an  average  of  2,700  feet  The  pressure  must 
have  been  immense — 6,000  feet  corresponding  to  at  least  300,000 
pounds  to  the  square  foot.  Under  this  great  pressure  there  was  not 
only  abrasion  of  the  rocks  beneath  by  the  ice  armed  with  stones  in 
its  lower  surface,  and  also  a  crushing  of  softer  kinds  from  mere 
pressure,  but,  besides,  a  breaking  and  crushing  of  the  ice  itself 
against  the  obstacles  in  its  course,  and  also  a  pressing  of  the  plastic 
material  down  among  all  the  stones  and  gravel  or  sand ;  and  thus  it 
was  able  to  envelop  and  take  up  into  its  mass  the  loose  material. 
Further,  the  ice  of  the  ice-mass  above  must  have  been  forced  down 
into  all  openings  and  crevices  in  the  rocks,  so  that  the  glacier,  as  it 
moved,  had  tremendous  power  in  abrading,  and  must  have  made 
boulders  and  gravel  in  immense  quantities. 

The  valleys  of  New  England  have  throughout  a  high  terrace  along 
their  sides,  of  material  generally  stratified,  which  belongs  to  the 
Champlain  formation,  being  merely  the  old  alluvial  deposits  of  this 
era  terraced  in  consequence  of  a  general  rising  of  the  land,  when 
what  he  has  called  the  Terrace  or  Recent  epoch  began.  He  is  of 
opinion  that  in  the  Quaternary  period  of  North  America  over  the 
higher  latitudes,  there  was  an  upward  mavement  for  the  Glietcial  era, 
a  downward  movement  below  the  present  level  for  the  Champlain 
era,  and  an  upward  one  for  the  Terrace  era. 

'  fieprinted  from  the  *'  American  Journal  of  Science  and  Arts,**  toL  t.,  March,  1873. 
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L — Etolution  of  Lifb.    By  Hsnbt  Chapmak,  MJ).    Sva  pp.  198. 
(Philadelphia,  1873 :  Lippinoott  A  Co.) 

IT  is  somewhat  astonishing  to  remark  the  amount  of  misccnioeptioD 
that  generally  prevails  in  regard  to  the  writings  of  Darwin 
even  among  many  would-be  scientific  individuals,  and  how  very 
general  the  notion  is  that  his  main  object  has  been  to  prove  that 
men  were  descended  from  monkeys.  But  this  astonishment  dwindles 
away  when  we  reflect  how  few  have  read  his  works  with  care,  and 
how  many  who  have  read  anything  of  them  have  read  with  precon- 
ceived opinions,  and  in  a  spirit  of  antagonism,  disregarding  in  a  great 
measure  his  careful  array  of  facts,  and  attempting  to  ridicule  his 
cautious  inferences  and  deductions. 

The  variation  of  species,  and  natural  selection  or  the  sorvival  of 
the  fittest  in  the  struggle  for  existence,  are  Natural  Histoiy  faota^ 
and  the  consideration  of  these  facts  as  brought  prominently  into 
notice  by  Darwin,  has  led  to  the  doctrine  of  the  fSvolation  of  Life 
being  regarded  as  the  ''Fundamental  Truth  of  Biology."  When, 
therefore,  we  hear  the  subject  treated  as  chimerical  and  purely 
imaginary — a  tale  of  fairy  land  wherein  a  flea  might  be  transrormed 
into  an  elephant,  or  an  antelope,  by  constantly  stretching  its  nedk, 
might  become  a  giraffe — we  feel  how  greatly  misunderstood  and  mis- 
represented the  doctrine  has  been.  This  may  arise  from  the  mistaken 
notion  that  it  would  allow  any  one  form  of  life  in  process  of  time, 
and  through  many  generations,  to  develop  into  any  other.  When 
we  look,  however,  upon  the  forms  of  life  as  the  modified  descendants 
of  pre-existing  organisms,  wo  consider  their  relationship  one  to 
another  much  in  the  same  way  as  we  consider  that  of  our  own 
species  individually.  The  relationship  we  bear  to  one  another  is 
sometimes  near,  sometimes  very  distant,  so  that  when  in  one  case  we 
trace  our  descent  only  one  grade  removed,  in  another  we  are  con- 
nected only  through  distant  generations.  It  is  the  same  with  the 
different  forms  of  life  ;  in  each  branch,  starting  from  one  type,  vari- 
ation has  set  in,  but  while  some  forms  have  changed  others  have 
remained  more  or  less  stationary  or  altered  in  a  different  ratio,  so 
that  constantly  divergent  forms  are  derived  from  the  original  type, 
and  these  divergent  forms  must  not  be  confounded  as  being  derived 
one  from  the  other,  but  only  as  being  derived  fromi  the  same  parent 
isource. 

Of  course  it  is  a  great  question  as  to  how  far  the  theory  of  Evolution 
may  be  successfully  applied^  but  no  earnest  student  of  Nature  can 
long  adhere  to  the  very  unphilosophical  notion  of  a  series  of  special 
creations,  and  when  we  hear  otherwise  well-informed  persons 
talking  of  the  profanity  of  the  Darwinian  theory,  and  insisting  on 
the  literoil  acceptation  of  the  Scriptural  account  of  the  Creation,  we 
cannot  help  reminding  them  that,  notwithstanding  the  undoubted 
figurative  language  in  which  tbo  Mosaic  Cosmogony  is  recorded,  that 
description  is  really  far  more  consistent  with  the  doctrine  of  Evolu- 
tion than  with  one  which  requires  constant  special  creations  of 
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different  forms  of  life  throughout  time.    So  hard  is  it  to  realize  the 
truth  of  the  old  adage  that  "  Fact  is  often  stranger  than  Fiction/* 

This  may  appear  rather  a  long  prelude  to  our  notice  of  Dr.  Chap- 
man's hook,  but,  perhaps,  it  may  not  be  altogether  useless,  as  the 
work  before  us  is  not  a  record  of  new  fi^its,  but  a  condensed  Yiew,  in- 
tended for  popular  reading,  of  the  most  important  generalizations  in 
reference  to  the  structure  of  plants  and  animals,  their  petrified  remains, 
and  mode  of  development,  and  showing  how  the  doctrine  of  the 
Evolution  of  Life  is  borne  out  by  the  facts  of  Botany,  Zoology,  (Geo- 
logy, and  Embryologv.  It  would  be  out  of  place  here  to  discuss  the 
questions  raised  in  all  these  departments  of  natural  science :  we  must 
confine  ourselves  to  the  geological  section,  and,  indeed,  the  results  of 
palaeontological  investigation  have,  perhaps,  the  most  important 
bearing  on  all  questions  of  Evolution. 

This  bearing  is  discussed  by  Dr.  Chapman  in  his  section  Oeology. 
He  gives  a  brief  sketch  of  geological  reasoning,  and  points  out  the 
liability  of  error  into  which  many  observers  fall,  ^om  applying 
generalizations  drawn  from  limited  data  to  the  whole  world.  This 
is  particularly  the  case  in  determining  the  relative  ages  of  rooks  in 
widely  distant  areas.  This,  however,  does  not  affect  Paleeontology 
when  looked  upon  in  a  purely  zoological  light,  or  when  brought  to 
bear  upon  the  subject  of  Evolution.  Drawing  attention  first  to  the 
life  of  the  Silurian  period.  Dr.  Chapman  points  out  that  the  forms  of 
life  are  the  most  simply  organized  of  the  respective  divisions  of  the 
animal  or  vegetable  kingdom  to  which  they  belong.  Thus  the 
Crinoids  and  Starfish  were  the  oldest  of  the  Echinodermata,  the 
Brachiopoda  of  Mollusca,  the  Entomosti-aca  of  Crustacea,  the  Worms 
preceded  the  Insects,  and  the  Fucoidse  were  the  earliest  types  of 
vegetable  life.  In  the  Old  Red  Sandstone  period  we  find  remains  of 
Fish,  a  few  Ferns,  Lycopods  and  Conifers ;  the  Fishes  are  of  the 
Shark  tribe  and  Ganoids,  not  so  highly  organized  as  the  Teliosts  of 
the  present  day ;  and  the  Ganoids  he  considers  to  be  the  common 
stock  from  which  the  Teliosts  and  Batrachia  diverged.  In  the 
Carboniferous  period  we  find  Ferns  in  great  variety  and  Lycopod-like 
plants  of  luxuriant  growth ;  the  Batrachia  first  appear,  together  with 
the  Centipedes,  the  May-fly,  Locust  and  Beetle  orders  among  Insects. 
In  the  Permian  rocks  remains  of  the  simplest  reptile,  the  Frotero- 
9auru8,  occur;  while  in  the  Triassic  period  we  have  not  only  Batrachia 
and  Beptiles,  but  Birds  and  Mammalia  (Marsupials).  Among  the 
Birds  the  Brontozoon  of  the  Connecticut  valley  must  have  been  four 
times  as  large  as  the  Ostrich.  Dr.  Chapman  observes  that  the 
existence  of  such  large  birds  at  this  period  is  in  harmony  with 
the  view  of  the  Reptiles  being  the  progenitors  through  the  Ostrich 
family  of  the  Birds;  while  the  fact  of  both  Birds  and  Mammals 
appearing  about  the  same  time  confirms  the  theory  that  they  are  the 
diverging  stem  of  a  common  stock,  the  Reptilia.  In  the  Jurassic 
period  we  find  a  great  variety  of  Reptiles :  the  Ichthyosaurus  and 
J^iosaurus  are  considered  to  unite  in  their  organization  reptilian 
with  batrachian  and  piscine  characters.  The  Campsognathus,  a  bird- 
like reptile,  and  the  Archaopttryx,  a  reptile-liko  bird,  tend  to  bridge 
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over  the  gap  between  existing  reptiles  and  birds.  The  Cretaoeov 
periSd  yields,  besides  gigantic  reptiles,  fishes  and  plants  mon 
modem  in  appearance;  while  the  Tertiary  period  offers,  besidoB 
many  mollusoa  closely  allied  to  the  recent,  others  identical.  It  ii 
essentially  an  age  of  Mammals,  Palms,  and  Ezogens.  The  Msm- 
malia  are  particularly  interesting  to  the  Evolutionist,  yielding  tha 
intermediate  forms  which  bind  together  the  Bhinoceros  and  the 
Horse,  the  Hippopotamus  and  the  Pig.  etc. 

While  a  study  of  Palaaontology  shows  that  higher  and  higher 
forms  of  life  appeared  from  time  to  time, — that  the  oldest  rocks 
yield  the  simplest  types,  and  the  newer  rooks  the  most  highly 
organized,  ->it  also  shows  that  each  large  group  had,  as  it  were,  a 
maximum  development,  and  gave  way  or  yielded  up  its  sway  to  the 
higher  forms  which  succeeded,  of  which  Man  is  the  last.  Neverthe- 
less, although  many  forms  became  extinct,  we  have  still  the  modified 
descendants  of  all  classes,  and  a  few  among  the  lower  ones  which 
show  little  or  no  variation  from  the  earliest  types. 

Such  are  the  results  of  Palaeontology.  Into  the  other  sections, 
Zoology,  Botany,  Embryology,  and  Natural  Selection,  we  need  not 
go ;  we  believe  Dr.  Chapman  has  given  a  very  fear  idea  of  the  facts 
which  those  subjects  furnish  towards  the  doctrine  of  Evolution. 
The  Anthropological  Section  is  a  little  out  of  our  line,  bat  we 
cannot  be  uninterested  in  the  theory  that  man  has  descended  from 
an  ape,  which  Dr.  Chapman  accepts,  although  he  finds  it  impossible 
to  designate  any  particular  ape  as  the  remote  ancestor.  He  gives  a 
plate  of  the  faces  of  men  and  monkeys,  and  no  doubt  there  appear 
to  be  many  ape-like  men,  and  many  man-like  apes.  He  remarks  that 
'Mhe  more  probable  theory  of  the  relationship  of  man  to  the 
Anthropoid  Apes  is  that  they  are  very  distant  cousins,  the  posterity 
of  a  common  ancestor  of  some  extinct  form,  whose  remains  have  not 
as  yet  been  discovered."  In  regard  to  the  birth-place  of  man,  it 
is  involved  in  obscurity ;  but  Dr.  Chapman  leans  to  the  idea  that  the 
sunken  land  called  Lemuria  by  Dr.  Sclater,  which  once  existed  where 
the  Indian  Ocean  now  rolls,  might  have  been  the  birth-place  of  the 
human  species :  and  we  cannot  help  suggesting  what  happy  and 
poetical  ideas  of  a  deluge  might  be  started  on  such  a  notion.  Poetical 
ideas,  however,  will  not  do,  as  Dr.  Chapman  remarks ;  for  instead  of 
a  Golden  Age,  from  which  man  has  fallen,  the  explorations  of  the 
last  forty  years  have  proved  that  the  first  age  was  one  of  Stone.  How- 
ever, we  must  leave  these  questions — we  cannot  at  present  gprasp  the 
idea  of  the  Anthropoid  origin  of  man — but  we  may  rest  com- 
forted that  whatever  is  the  true  history,  the  descent  of  man  has 
indeed  been  an  ascent, 

H.  B.  W. 

II. — By  Flood  and  by  Fell  ;  ob.  Causes  op  Change,  Oboakio  and 
Inobganio,  in  the  Matebial  Wobld.  By  E.  Chablottx 
Eyton.     (8vo.  pp.  127.    London  :  Q.  T.  Goodwin.) 

AS  an  attempt  to  popularize  Natural  Science,  and  particularly 
Geology,  this  book  deserves  praise,  but  while  it  may  serve  to 
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laoe  ''men  and  women,  more  especially  young  men  and  women, 
take  an  interest  and  to  examine  and  search  for  themselves  into  the 
my  wonderful,  phenomena  whioh  we  see  all  around,"  yet  there  is 
many  instanoes  a  want  of  soientifio  precision  which  is  apt  to  lead 
erroneous  ideas,  and  the  names  of  the  fossils  are  often  mis-spelt 
lese  are  faults  which  we  cannot  but  regret  to  see,  and  they  pre- 
nt  our  commending  the  book  so  highly  as  we  should  have  liked  to 
•  ;  we  hope  however  they  will  be  carefully  removed  before  the 
»ae  of  the  second  edition. 


L — A  Handt-Book  of  Bock  Names,  with  bbist  Dxsoriftioms 
OF  THK  Books.  By  G.  Hevbt  Kinahan.  8vo.,  pp.  139. 
(London :  Bobert  Hardwicke,  1873.) 

r  heartily  recommend  this  little  work  by  Mr.  Kinahan.  Petro- 
logy is  far  behindhand  in  this  country,  as  we  are  constantly 
minded  when  we  want  a  work  of  reference.  Cotta's  Lithology,  as 
inslated  by  Lawrence,  was  a  great  boon ;  but  there  is  much  to  be 
me  yet 

Mr.  Kinahan's  book  is  divided  into  three  parts — I.  A  Classified 
ble  of  Bocks ;  U.  and  III.  Descriptions  of  the*  two  orders  Ingenites 
id  Derivate  Bocks.  Under  Ingenite  rocks  are  included  all  the  true 
neous,  intrusive,  or  irruptive  rocks,  whether  they  are  still  in  their 
iginal  state  or  have  been  subseqaently  affected  by  metamorphic 
tion,  as  also  the  metamorphosed  sedimentary  rocks  ;  since  all  these 
ive  been  formed  within  or  below  the  surface  of  the  earth.  Under 
private  rocks  are  included  all  the  sedimentary  rocks,  and  those  of 
ganic  origin. 

The  author  has  adopted  Dana's  suggestion  in  using  the  ending 
0  for  rock  names,  so  as  to  distinguish  the  rock  masses  from  the 
inerals,  such  as  Augite,  Steatite,  etc.  Hence  we  have  Augyte, 
renyte,  Dolomyte,  etc.,  but  Granite  is  still  spelt  in  the  old  way — 
e  should  like  to  know  the  reason  why  I 

A  very  useful  and  important  feature  in  this  work  is  the  number  of 
cal  names  explained — but  there  is  much  to  be  done  in  rendering 
is  part  more  complete,  even  Page's  ''  Hand-Book  "  will  add  some, 
serious  omission  we  have  to  call  attention  to,  and  that  is  the  want 
a  complete  index  to  the  volume.  This  is  not  by  any  means  fur- 
shed  by  the  classified  table,  without  page  references,  and  the  index 
'  those  names  not  mentioned  in  it 


J, — Table  of  British  Strata,  showing  their  Order  of  Super- 
position AND  Belative  Thickness.     For  the  Use  of  Schools. 
By  H.  W.  Bristow,  F.B.S.,  F.G.S.,  Director  of  the  Geological 
Survey  of  England  and  Wales.     (London :  Chapman  and  Hall, 
1873. 
"N  our  January  Number  this  year  we  noticed  a  Table  of  British 
Sedimentary  and  Fossiliferous  Strata  prepared  by  Mr.  Bristow ; 
e  have  just  received  a  second  one,  which  is  of  a  difierent  character, 
dug  in  the  form  of  a  coloured  diagram.     This  diagram  shows  in  a 
)ry  clear  and  distinct  manner  the  relative  thicknesses  of  the  rocks. 
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not  in  one  colnmn  only,  but  the  relative  thicknesBes  of  etbh  snb- 
diyision  in  columns  parallel  to  the  groups  and  systems  and  otlMT 
larger  divisions.  Thus  we  have  the  Upper,  Middle,  and  Loira 
Lias  shown  in  one  column,  with  the  other  minor  subdivisions  of  the 
British  rocks ;  adjoining  this  the  Lias  is  coloured  as  a  whole ;  in  the 
next  column  the  whole  Oolitic  series  has  one  colour ;  then  the  Lowv 
Mesozoic  period ;  then  the  Mesozoic ;  and  lastly  the  Neozoic  oyele. 
The  minor  subdivisions  of  the  Carboniferous  period  are  shown  widi 
their  variations  in  dififerent  localities,  and  some  additional  notes  an 
given  on  the  margin  of  the  diagram  in  regard  to  this  and  some  of  the 
other  series  of  rocks. 

We  may  unhesitatingly  call  it  the  best  pictorial  table  of  strati 
we  have  seen ;  it  is  a  little  over  four  feet  in  length  and  not  quite 
two  feet  in  breadth.  We  oonsidor  the  essential  feature  of  it»  namely, 
the  exhibition  of  the  relative  thicknesses  of  the  rocks,  aa  a  very  im- 
portant one,  especially  in  a  school  diagram,  as  too  often  exaggerated 
notions  of  the  importance  of  a  series  may  be  obtained  from  a  coB' 
sideration  of  its  sub-divisions.  Thus,  to  cite  a  single  illustiatioiL 
but  few  are  aware  that  the  Lower  Silurian  rocks  are  thicker  thin 
the  entire  mass  of  the  Secondary  strata.  Such  facts  however  get 
fixed  in  one's  mind,  by  the  aid  of  a  Diagram,  more  eaailythan  bj 
any  other  means. 

V. — Phtsical  Geogbapht.    By  Stdnet  B.  J.  Skbbtohlt»  F.GJS. 
8vo.,  pp.  196.     (London  :  Thomas  Murby,  1872.) 

THIS  little  work,  the  first  of  Murby's  "  Series  of  Science  Mannsls,** 
treats  the  subject  of  Physical  Geography  in  a  simple  and  ele- 
mentary way,  and  yet  with  a  completeness  that  will  render  it  very 
useful  as  a  class-book  for  schools,  and  as  a  manual  for  junior  studenta 
There  is  considerable  freshness  in  the  style  in  which  the  subject- 
matter  is  put  before  the  reader,  and  some  original  observations  aie 
contained  in  it.  In  regard  to  the  adoption  of  the  term  '*  Transtratic,** 
which  the  author  proposes  to  apply  to  such  springs  as  return  their 
water  to  the  surface  at  points  more  or  less  distant  from  the  aouroe 
whence  it  was  derived,  we  ofier  a  gentle  protest  against  it.  It  aeemi 
to  us  not  sufficiently  in  accordance  with  the  motto  of  the  work,  UiiU 
et  dulce ;  it  sounds  harsh,  and  we  should  prefer  Transmittent,  or 
even  Interstratic,  as  being  equally  suitable,  and  as  being  somewhat 
more  euphonious  into  the  bargain. 


VI. — ^Phe-historic  Man  in  Belgium.  By  M.  E.  Dupont.  L'Homme 
pendant  les  ages  de  la  Pierre  dans  les  environs  de  Dinant-sur- 
Meuse.  2"*  edit.  8vo.  pp.  250.  (Bruxelles :  C.  Muquardt.  1873.) 

THIS  work  is  devoted  to  the  discussion  of  the  earliest  known  indi- 
cations of  Man  in  Belgium,  when  ho  was  the  contemporary  of 
the  Mammoth,  Hyaena,  and  Cave-bear.  Living  then  by  the  chase, 
and  inhabiting  caves,  he  has  left  numerous  remains,  which  form 
materials  for  tracing  out  his  history,  and  show  that  his  manners  and 
cuKtonis  and  industry,  taken  altogether,  were  somewhat  analogous  to 
those  of  the  Esquimaux  of  the  present  day.     Finallyi  H.  DnponI 
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traces  ont  the  diflooverj  of  the  use  of  metals  and  the  inflaenoe  of 
foreign  civilization  on  the  progress  of  man  in  Belgium. 

He  refers  first  to  the  researches  of  others  in  ^is  same  field,  and 
partioularly  to  the  early  ohservations  of  Schmerling,  on  the  caverns 
of  liifege.  He  then  gives,  in  Chapter  I.,  a  genend  riiumi  of  the 
geology  and  palseontology  of  the  Quaternary  Period,  treating  of  the 
ori^n  of  caverns,  the  changes  of  climate,  the  extension  of  glaciers, 
and  the  different  forms  of  life.  Chapter  IL  is  devoted  to  ''Man 
daring  the  age  of  the  Mammoth."  wherein  he  hrings  forward  the 
evidences  famished  hy  the  caverns  of  Montaigle,  Lesse,  and  Qoyet 
Chapter  III.  treats  of  "  Man  during  the  age  of  the  Beindeer,''  and 
Chapter  IV.  of  **  Man  during  the  age  of  polished  Stone. 

The  work  is  accompanied  hy  numerous  engravings,  four  litho- 
graphic plates,  and  a  laige  table  showing  the  caverns  which  have 
yielded  human  bones,  flint  implements,  and  other  indications  of  man, 
and  mammalian  remains  of  the  Stone  Age,  which  Age  is  divided  into 
that  of  the  Mammoth,  that  of  the  Reindeer,  and  lastly  that  of  polished 
Stone. 


6boi/)oioal  Sooibtt  ov  Londoh.  —  April  0th,  1873.  —  His  Ghrace  tbe  Dmkt 
of  Aigyle,  K.T.,  F.R.S.,  Presidentf  m  the  Chair. — The  following  comroiinioatioiii 
were  read : — 1.  '*  Lakes  of  the  Morth-eastem  Alps,  and  their  bearing  on  the  Glaoier- 
erodoa  Theory.*'     By  the  Rer.  T.  G.  Boiney^  M.A.,  F.G,S. 

The  purpose  of  tnis  paper  was  to  test,  by  the  Lakes  of  the  Salzkannnergnt 
aad  DeighooKrhood,  the  theory  ef  the  erosion  of  lake-basins  by  glaciers, 
whieh  has  been  advanced  by  Prof.  Ramsay.  The  author  premised — 1.  That  an 
extenaiTe  glacier  could  not  exist  without  a  considerable  area  to  supplr  it.  2. 
Tkat  «nder  no  circumstances  could  a  fflacier  excavate  a  cliff  of  considerable  height 
(n^  1000  feet)  approximately  Tertical.  3.  That  <>^ng  to  the  proximity  of  the 
ragioos,  a  theory  of  excaTation  which  applied  to  the  Western  and  Central  Alps 
oaght  to  be  applicable  also  to  the  Eastern  Alps.  Ue  then  proceeded  to  examine  a 
aamber  of  lakes  in  detail.  The  Konigsee  lies  in  a  remarkably  deep,  steep-sided  valley 
temiBated  by  a  cirove,  with  cliffs  full  a  thousand  feet  high,  and  nas  no  larc^  supply 
area  behind.  The  Hallstadtersee  \b  similarly  situated,  has  a  cirque  at  the  head,  and 
two  lateral  valleys  nearly  at  right  angles  to  the  lake,  up  which  arms  of  it  have  formerly 
extended.  These  are  not  likely  to  have  furnished  glaciers  which  could  have  exca- 
vated the  lake ;  and  above  the  ciroue  there  is  no  Urge  supply  area.  The  Gosauthal 
consists  «f  lake-basins  separated  ov  valleys  of  river-erosion.  The  Fuschelsee  and 
Wolfgaagersee,  on  the  south  side  of  the  Schaf  berg,  are  separated  by  a  narrow  sharp 
ridge  of  hills,  incapable  of  nourishing  glsciers  largo  enough  to  grind  them  out ;  there 
are  no  signs  of  gl»cien  from  other  directions  having  eroded  them  The  Mondsee  and 
Attersee  (once  one  lake)  on  the  north  lie  under  the  steep  cliffs  of  the  Shaf  berg,  which 
could  not  have  nourished  a  large  elacier  {  and  the  lidge  of  the  Schafberg  is  too 
sharp  to  admit  of  the  supposition  that  a  great  glacier,  coming  from  the  south,  has 
passed  over  it  to  excavate  the  lake ;  yet  the  Attersee,  in  a  position  least  favourable  to 

Slacial  action,  is  the  largest  and  deepest  lake  in  the  Salxksmmergut.  The  head  of 
tie  valley  in  which  these  lakes  lie  is  really  among  low  hills,  in  the  direction  of  the 
Aostro-tfavarian  plain.  Tbe  Traunsee  was  shown  to  give  no  evidence  in  favour  of  a 
theory  of  glacial-erosion.  Since  then  these  lakes  either  had  at  their  hends  preglacial 
drques  (the  very  existence  of  which  was  incompatible  with  much  erosive  power  on 
the  part  of  a  glacier^,  or  wera  beneath  shsrp  and  not  greatly  elevated  ridges  of  rock, 
the  author  concludea  that  they  had  not  been  excavated  primarily  by  glaciers.  He 
considered  a  far  more  probable  explanation  to  be,  that  the  greater  lake- basins  were 
parts  of  ordinary  valleys,  excavated  by  rain  and  rivers,  the  beds  of  which  had  under- 
gone disturbances  after  the  valley  had  assumed  approximately  its  present  contour. 
Ue  showed  that  the  lakes  were  in  most  eases  maintained  at  their  prssmt  level  by 
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drift ;  and  tliat,  while  in  a  region  to  mbject  to  iliglit  diatnrbaneei  u  the  Alpn,  pon- 
tiye  evidence  for  his  theory  would  be  almoat  impomble  to  obtain,  no  laka  olbnd 
any  against  it,  and  one,  the  Konigsee,  was  YeiT  laTonrable  to  it. 

2.  *«  On  the  Effects  of  Glacier-erosion  in  Alpine  TaBen."  Bj  Signor  B.  OistddL 
The  amthor  described  the  occurrence  in  the  yalley  of  the  Lanio  uid  othv  Alpias 
▼alleys,  at  heights  between  2000  and  3000  metres  (6600  and  9700  feet),  of  Ingi 
cirqnes,  in  two  of  which,  in  the  valley^  Saute  de  C^sanne.  the  bottom  was  oecopied  m 
the  autumn  bv  glaciers  reduced  to  their  smallest  dimensions.  The  author  noticed  thi 
various  rocks  in  which  these  cirques  were  cut,  and  expressed  his  opinion  that  they  m 
the  beds  formerly  occupied  bv  glaciers,  the  power  of  wliich  to  excavate  even  eooipin- 
tively  hard  rocks,  such  as  felspathic,  amphibolite-,  and  chlorite^echitta,  he  oonsiiund 
to  be  proved.  The  author  then  referred  to  the  mouths  of  the  Alpine  valleya  opeaiBg 
upon  the  plain,  which  he  described  as  being  generally  very  narrow  in  proportion  to 
their  length,  width,  and  orographical  importance ;  and  he  pointed  out  that  in  the  cm 
of  the  valley  of  the  Stura,  at  any  rate,  the  outlet  of  the  valley  has  been  cut  out  bf 
the  river.  This  peculiarity  he  accounts  for  by  the  fact  that  whilst  the  caleareoas  ui 
felspathic  rocks  are  easily  disintegrated  by  atmospheric  action,  certain  other  rodi. 
such  as  the  amphibolitei,  diorites,  syenit<»,  amphibolite-schista,  euphotides,  ferpea- 
tines,  etc.,  resist  atmospheric  denudstion;  and  he  indicated  the  peculiar  distribntioB 
of  these  rocks  in  the  region  under  consideration,  by  reason  of  which  portions  of  tbea 
occupied  the  points  which  are  now  the  mouths  of  the  valleys^ 

Discussion, — Mr.  Drew  illustrated  the  subject  by  a  comparison  with  the  Hin^ 
layas,  where  similar  ciroues  to  those  in  the  Alps  exist,  and  are  still  occupied  by 
glaciers.  The  arena  of  tne  amphitheatres  only  is  occupied  by  the  ice,  and  the  almoil 
vertical  slopes  are  covered  witn  an  accumulation  of  snow,  which  helps  to  feed  thi 
glaciers.  He  was  not  acquainted  with  any  cirque  in  the  Himalayas  in  which  glacid 
markings  are  entirely  absent.  The  bottoms  ojf  the  cirques  were  not  nnfrequentlj 
lake-basins. 

Mr.  Blanford  instanced  a  cirque  beneath  Schneehatten,  in  Norway,  in  whidi  t 

f  lacier  terminated.  At  the  other  end  the  lake  was  bounded  by  a  hard  ridge  of  rock. 
'he  rocks  around  were  moutonnSed,  and  glaciated. 
Mr.  Koch  had  studied  the  effects  of  glaciers  in  Switzerland,  but  had  been  mabk 
to  ascertain  the  extent  of  their  excavating  power.  Where  the  planing  effect  of  glacien 
in  ancient  times  was  visible,  it  appeared  to  him  to  have  actea  in  straight,  ana  not  is 
curved  lines.  He  disputed  the  fact  of  diorites  and  serpentines  resisting  the  action  of 
the  wenthcr.  He  had  made  some  experiments  on  the  powers  of  different  rocks  to 
resist  the  influence  of  frost  and  weather,  and  had  been  surprised  to  find  how  different 
were  the  effects  under  different  conditions. 

Prof,  llamsay  stated  that  he  had  not  heard  any  objections  now  raised  to  his  theoriai 
which  he  had  not  already  answered,  or  attempt^  to  answer  in  print,  in  the  FkilowO' 
phieal  Magaziut  and  elsewhere.  The  strictures  of  both  Sir  Roderick  Murehison  and 
Sir  Charles  Lyell  were,  so  far  as  ho  remembered,  nearly  similar  to  those  to  which  he 
now  had  to  reply.  He  pointed  out  that  at  the  time  when  Scandinavia  and  the  greater 
part  of  the  north  of  Europe,  as  well  as  the  Alps,  were  covered  with  ice.  the  circnm- 
stmccs  were  entirely  different  from  what  they  were  at  a  later  time,  when  there  wen 
merely  a  few  local  ice-centres,  from  which  glacier-erosion  might  radiate.  When 
there  was  any  thing  approaching  to  a  general  ice-coating,  the  erosion  must  have  been 
enormous,  cf^ecially  at  sputs  where  there  were  already  pro-existing  valleys,  in  whidi, 
of  course,  the  ice  would  nave  been  thicker  than  elsewlrere,  and  where,  consequently, 
its  grinding  ])owcrs  would  have  been  fur  gprcater,  and  have  added  much  to  the  work  of 
the  more  ancient  rivers.  lie  inquired  of  Mr.  Bonney  what  must  take  place  at  the 
termination  of  any  glacier.  There  could  be  no  erosion  by  the  glacier  anywhere 
beyond  the  point  to  which  it  extended ;  but  where  it  existed  some  erosion  must  take 
place,  and  a  basin  of  greater  or  less  depth  thus  be  ground  out  by  the  alternating 
advance  and  retreat  of  the  glacier.  A  river  flowing  out  might,  it  is  true,  in  some 
cases  cut  a  gorge  so  as  to  drain  the  basin,  but  this  would  not  prevent  a  basin  being 
formed.  In  the  western  Alps,  where  the  height  was  greatest,  there  also  were  the 
largest  and,  in  some  instances,  the  deepest  lakes ;  thouen  the  depth  was  connected  to 
a  great  extent  with  the  nature  of  the  rock.  Some  luces,  however,  had  been  partly 
filled  by  detritus.  As  to  the  cliffs,  he  perfectly  agreed  with  Mr.  Bouncy  in  attributing 
them  to  meteoric  causes ;  and  in  many  cases  ne  thought  they  were  to  some  extent  <m 
preglacial  origin,  though  subsequently  much  modified.    He  repudiated  any  ides  of 
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the  larger  Talle^  having  eren  in  glacial  times  been  completely  filled  with  ice,  and 
deprecated  judging  of  theie  qaestions  from  diagrams,  in  which  the  horizontal  and 
wUcal  scales  were  different.  He  repeated  that  the  ori^al  large  valleys  were  in  his 
mimd  of  great  antianity,  bat  all  rather  due  to  erosion  in  some  form  or  other  than  to 
anj  mtenial  distnroanees  of  the  strata.  They  were  also  to  a  great  extent  cut  oat 
before  the  last^ladal  period.  He  had  been  much  gratified  to  find  that,  after  so  many 
jmr%  of  opposition,  tiie  result  of  Prof.  Gastaldi's  mapping  of  the  country  on  whicn 
no  bad  Ibanded  his  own  opinions  had  been  to  bring  the  l^fessor  round  to  the  adop- 
tion of  the  same  conclusions. 

Mr.  Blanford  added  that  in  the  Neilgherries  in  India,  and  in  Abyssinis,  ho  had  not 
been  able  to  trace  any  ice-action  whatever,  and  there  also  he  had  not  seen  any  cirques ; 
and,  moreover,  there  were  no  lake-basins.  He  was  therefore  compelled  to  connect 
both  lake-basins  and  cirques  with  the  existence  of  glaciers. 

Mr.  Campbell  of  Islay,  referring  to  that  portion  of  the  paper  in  which  the  author 
•lladed  to  partial  subsidence  and  flexure  to  Hccount  in  some  degree  for  the  basins  of 
the  alpine  lakes,  described  the  Thingvalla  lake  in  Iceland.  That  hollow  is  over  six 
miles  wide,  and  for  a  length  of  more  than  twenty  miles  clearly  is  the  result  of  fracture 
and  subsidence  of  the  crust  formed  upon  a  great  lava  flood.  Mr.  Campbell  pointed 
ont  that  the  alpine  hollows  were  not  like  this  Icelandic  subsidence,  and  attributed 
them  to  erosion,  not  to  subsidence  and  flexure.  Subsequently  the  author  said  that  he 
attributed  the  Valleys  to  erosion. 

The  President  thought  that  Mr.  Bonney's  paper  as  to  the  formation  of  these  par- 
ticular lakes  had  not  been  answered.  It  seemed  to  him  that  what  had  been  said  as  to 
the  Ailing  by  ice  of  the  valleys  with  cirques  at  the  sides  did  not  in  any  way  imply 
that  the  valleys  had  been  formed  by  the  action  of  ice.  In  tlio  case  of  the  Koni»see 
the  vast  precipice  at  the  end  seemed  especially  an  instance  of  a  cliff'  that  might  have 
existed  in  preglacial  times.  He  thought  that  the  author's  contention  that  such  pre- 
cipices could  not  have  been  formed  b^  the  action  of  glaciere  was  substantiated.  At 
the  same  time  he  would  not  maintain  that  glaciers  could  not  excavate  basins,  but 
denied  their  power  to  excavate  deep  basins  with  highly  inclined  sides.  He  wished 
that  more  attention  had  been  paid  to  the  stratigraphical  features  of  tlio  roeks  in  which 
the  lakes  were  excavated.  He  cited  Mr.  Kinahan  as  having  stated  that  the  greatest 
depths  of  Loch  Lomond  coincided  in  position  with  faults  which  could  be  obserred  in 
the  surrounding  country.  He  difiorcd  from  Prof.  RnmsAy  as  to  the  prepondcranco  of 
lakes  in  regions  which  have  been  glaciated,  and  thought  they  were  more  closely  con- 
nected with  the  configuration  of  hilly  countries,  which  was  by  no  means  of  necessity 
connected  with  glacial  erosion. 

Prof.  Ramsay  doubted  the  completeness  of  Mr.  Kinahan's  observations.  As  to 
cliffs  surrounding  lakes,  ho  by  no  means  thought  that  they  were  now  in  the  same  con- 
dition as  when  the  glaciers  retired.  Such  cliffs  were  in  fact  escarpments  working  back 
and  undergoing  constant  change.  He  could  not  understand  any  one  acquainted  with 
regions  that  had  been  glaciated,  as,  for  instance,  Labrador,  not  connecting  the  prodi- 
gious number  of  lakes  that  prevailed  with  the  action  of  the  ice  which  once  covered 
the  country.  The  longer  axis  of  the  lakes  in  nearly  all  instances  coincided  with  the 
general  direction  of  the  flow  of  the  ice  ;  and  by  itself  alono  this  circumstance  afl'onied 
great  support  to  his  views. 

Mr.  Bonnev,  in  reply,  pointed  out  that  ho  had  never  denied  that  ice  might  onco 
have  occupied  the  bottom  of  cir()ups,  and  even  have  excavated  some  of  th()  rock- 
basins.  What  ho  wished  to  maintiiin  was  the  necessity  of  drawing  a  distinction 
between  primary  and  secondary  causes  of  the  configuration  of  tho  country.  He 
thought  that  the  operation  of  secondary  causes  hud  been  overrated,  and  wished  that 
more  attention  should  be  paid  to  the  circumstances  of  the  particular  lakes  to  which 
he  had  called  attention. 

Visit  op  the  Oeolooists*  Association  to  Banbury. — April  14th-l7th,  1873. — 
ITpon  the  recent  visit  to  Banbury  of  the  Geologists*  Association,  under  the 
guidance  of  Prof.  John  Morris,  F.G.S.,  of  University  College,  London,  and  Mr. 
T.  Beesley,  F.C.S.,  much  valuable  instruction  was  gained  by  the  party.  Upon 
the  forenoon  of  Monday,  the  14th,  the  sections  near  the  town,  tho  Lower 
Middle  Lias  of  Draper's  Road,  and  the  brickyard  in  Green  Lane  were  in;«pected, 
and  in  the  afternoon  a  more  extended  excursion  was  made.  At  Twyford 
Wharf  brickyard  (Lower  Middle  Lias),  tho  Ammonites  margaritatua  beds,  con- 
sidered by  Mr.  Beesley  (who  will  be  remembered  as  tho  author  of  the  "  Geology 


286  GeologidtT  Asaodaium. 

of  Btnbmy")  to  be  here  teen  to  the  giettert  admitue,  attraeted  nnieih  atteetifli, 
and  a  fair  nnmbw of  BttemniUg^  C^pricMtiiM^  and  other  fiMrila  weraiecand;  lai 
Mr.  Becaley  pointed  ont  the  difference  between  the  peculiar  ifimWiga  of  faarili  h« 
met  with,  and  thoee  which  occur  in  the  Upper  Marbtone.  At  Waikwortht  ea  tki 
other  tide  of  the  Taller,  a  large  number  of  foMila  were  obtained,  and  Prof.  Monii 
explained  the  intereitinff  character  of  the  quany.  The  beda  belonsed  to  tha  Mni- 
ftone  leriet,  part  of  the  Middle  lioi.  The  quany  ehowed  iome  of  the  eharaeteriilii 
Ammonitei, spedee  nerer  found  in  ihe  Upper  or  Lowwliaa,  and  he obearred ftil 
from  the  appearance  of  the  fossiii  found,  and  their  nature,  thej  might  eonclvde  ftil 
they  Btood  on  what  had  been  a  shallow  tea.  There  were  thrae  groupa  of  nu^laei 
here,  and  Mr.  Beesley  eaid  they  had  found  Tertebrato  remaina  and  true  oopnditM.  m 
well  ai  CmstacGans.  The  Kind's  Sutton  Ironetone  Quarry  fMarlatona)  wai  aol 
Tieited,  and  a  number  of  interestiDg  foouli  were  found.  Prof.  Morria  direetcd  att»> 
tion  to  the  remarkable  abundance  of  lamp  ihells  in  proportion  to  other  ahalli;  Ibi 
lection  showed  the  Ammonitet  ipittattu  tone.  The  party  next  pcoeaodcd  to  At 
ioene  of  the  whirlwind  in  NoTember  laet,  and  at  Newbottle  Hill  tiie  aaetioa  ihowvy 
junctions  of  MarUtone,  Upper  Lias,  and  Inferior  Oolite  wis  pointed  out.  Prof.  Mom 
here  gaTO  a  Tcry  intcrestine  address  upon  the  geology  of  the  neighbourhood,  and  dnv 
attention  to  the  effect  whicn  geological  chan^  had  produced  upda  the  present  eoa- 
figu ration  of  the  surface.  At  the  converMLuone  held  (throngh  the  influence  of  Mr. 
Beeslcj)  at  the  Town  Hall  in  the  evening,  a  really  creditable  geoloeieal  mosenm  mm, 
with  the  nble  assistance  of  the  Messrs.  Q.  Stutterd  and  E.  Walford,  extemporited, 
Mr.  H.  Walford  contributing  some  valuable  Japoneee  bronzee,  whilat  Mrs.  and  te 
Misses  Beesley  took  upon  themselves  the  task  of  performing  the  charitable  ofllee  «f 
antertaincn,  bv  taking  care  that  ample  refreshments  were  provided.  The  ^■^i^tllft 
oollection  of  fossils  and  ^logical  specimens,  chiefly  local,  afforded  an  exoellsBl 
opportunity  for  again  drawing  on  Prof.  Morris's  extensive  knowledge ;  and  in  the  eoaas 
01  Uie  evening  an  address,  which  waa  really  an  exhaustive  lecture,  npon  the  fbnns- 
tions  represented  by  the  specimens,  was  obtained  from  him,  in  which  oe  pointed  oat 
the  great  advantage  derivable  from  the  study  of  physical  science.  They  would  se% 
he  observed,  how  the  features  of  the  landscape  were  affected  by  the  nature  of  the  ro^ 
structure,  and  it  wan  only  geologists  or  those  well  ocquointed  with  physical  scienos 
that  could  fully  appreciate  this.  They  would  find  that  the  mineral  structure  of  the 
rocks  in  the  nciglihourhood  sometimes  gave  tlicm  pasture  and  sometimes  arable  land. 
This  depended  upon  the  ancient  geological  conditions.  There  was  mostly  pasture  land 
on  the  Upper  Lias,  and  on  tho  intermediate  or  Marlstone  there  was  both  arable  aad 
pasture ;  the  M  arlstonc  was  rich  in  shells  and  phosphates,  and  was  more  valuable  if 
arable  lund  than  the  Upper  or  LoAvcr  Lias.  A  hearty  vote  of  thanks  was  given  for  tks 
address.  On  Tuesday  the  15th,  the  party  visited  the  *'  fault'*  which  runs  from  ^e  Brongh- 
ton  lload  across  the  low  ground  between  Constitution  and  Crouch  Hills,  parallel  witk 
another  fault  starting  at  Ilardwicke.  and  which  brings  down  tlie  Upper  fiias  betwees 
tho  Mnrktone.  At  the  Giant's  Cave  Mr.  Beosley  pointed  out  the  second  fault  just 
mentioned.  At  Broughton  tho  castle  and  the  church  were  visited,  and  at  the  Brougfa- 
ton  Fulling  Mill  Quarry  the  Lower  Beds  of  the  Great  Oolite  tilted  at  a  considerable 
angle  to  the  south  were  examined,  and  as  Tudmarton  Forest  marble  pits  wers 
approached  many  fossWa  hclongin;^  to  the  Cornbrahh  beds  were  found,  confirming  tbs 
view  taken  by  the  Geological  Survey  ofilcers,  that  the  slaty  beds  at  the  top  of  this 
quarry  arc  triie  Forest  niarbUs,  which  has  been  doubted  by  some  geologists.  After 
luncheon  Pruf.  Morris  and  Mr.  J.  l^>gan  Loblcy  (lion.  Secretary)  formally  thanked 
Mr.  Becslcy  on  bclinlf  of  the  Geolo^ts'  Association  for  the  cordial  reception  they 
had  met  with,  and  exprcs:>cU  their  indebtedness  to  tho  town  and  people  of  Banbniy 
for  the  kindness  shown  them.  On  Weducfiduy  the  IGth,  visits  were  made  to  Fenny 
Compton,  Kineton,  nnd  Kdgchill,  and  on  Thursday,  the  17th,  to  the  Upper  Lias  « 
Northaniptonshin;  8i«lu,  some  good  fossils  being  got  at  the  brickyard  at  Thenfoxd 
Hill.  Tho  Association  have  probably  never  had  a  more  enjoyable  excursion,  nor 
one  from  which  n\orc  sound  instruction  has  been  gained. 

Geologists'  Association  —  May  2,  1873. —  Henry  Woodward,  Esq.,  F.O.8., 
F.Z.S.,  Trcsidcnt,  in  the  Chair.—*'  On  the  Valley  of  the  Vca^re  (P^rigord),  ito 
Limostoues,  Caves,  and  Pro-historic  Remains,'*  by  Professor  T.  Kupert  Jones,  F.E.S., 
F.G.S. 

The  river  V6z6re,  rising  in  tho  Department  of  Corrdge.  traversing  the  Department 
Dordognc,  and  juiniug  tho  river  Dordogne  near  Sarlat,  runs  from  the  old  metomorphis 
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of  the  oentral  platean  of  Franee,  through  Carboniferoni,  TriaBrio,  Jnnanc  and 
xous  strata.  The  Ust  mentioned  are  chiefly  Hmestonos,  nearly  horizontal^  pre- 
r  ateep  and  often  high  cliffs,  either  waslied  by  the  rirer,  or  bordering  its  broader 
der  Talley.    The  softer  bands  of  limestone  have  been  hollowed  oat  ftlonff  the 

by  frost  and  water,  and  here  and  there  present  recesses  and  eayes.  ThMe, 
eiml  instances,  have  been  artificially  enlarged,  and  in.  very  many  cases  have 
Bd  shelter  to  pre-historie  people,  and  still  retain  heups  of  bones  and  hearth-staff, 
flint  implements  of  namerons  kinds,  carred  bones,  antlers,  and  oecasionaUr 
I  bones.  The  most  common  bones  and  antlers  are  those  of  the  Reindeer,  whidb 
tiaTe  abounded  in  Southern  France,  whether  remaining  all  the  year  round,  or 
ting  from  plain  to  mountain  and  back  again  in  their  season,  for  the  caTC-folk 
them  of  all  ages  in  vast  numbers.  The  cold  climate  necessary  for  the  Reindeer 
ng  passed  away ;  the  Mnsk  Ox  and  the  Hairy  Mammoth  disajjpearod  also  wiUk 
dndeer ;  and,  looking  at  the  great  changes  in  geographical  outlines  and  contours 
laTe  taken  place  since  the  extinction  of  the  European  Mammoth,  the  author 
ht  that  some  eieht  or  nine  thousand  years  would  not  be  too  long  for  the  bring- 
boat  of  such  changes.  That  the  old  CaTe-fulk  of  P^rigord  saw  the  liring 
ooth,  a  lively  outline- sketch  of  its  peculiar  nnd  «hag^  form  on  a  piece  of  ivory, 

in  the  Madelaioe  Cave,  is  satisfactory  evidence.  The  special  geology  of  the 
i,  the  characters  of  the  several  caves  and  their  contents,  and  the  most  striking 
s  implements  of  stone  and  bone,  were  described  in  this  paper;  the  human 
18  found  at  Cro-Magnon,  a  gieantic  chief  and  his  more  ordinary  comnaniona, 
specially  treated  of ;  and  the  nigh  probability  of  their  belonging  to  toe  same 
f  men  as  the  older  Cave-folk  was  discussed  at  some  length. 


COE.E.ESI'OIsriDEJN-CB. 


LOWER   SCROBICULARIA    AND    LOWER    CTCLA8  CLATS  OF 

THE  MERSEY  AND  RlBBLE.i 

ft, — On  the  14ih  of  Not.,  1871,  Mr.  T.  M.  Reade  read  a  paper 
le  Geological  Society  of  Liverpool,  **  On  the  Geology  and 
ic8  of  the  Post-Glacial  Period,"  of  which  an  abstract  was  given 
iture  of  December  28  (vol.  v.,  p.  175),  and  a  rechauffe  by  Mr. 
e  in  the Geol.  Mao.  for  March,  1872  (Vol.  IX.,  p.  Ill),  in  which 
h  my  ."  Explanation  of  Map  90  N.E."  was  published,  which 
lins  a  description  of  Lower  Scrobicularia  Clau  at  Crossens,  in 
ashirc ;  from  which  it  will  be  seen  that  it  is  impossible  for  me 
ve  first  learned  of  such  a  clay  in  that  county  from  Mr.  Keade's 
ns,  as  he  suggests,  as  no  reference  is  ma'de  to  it  in  the  Abstract  in 
re,  and  my  "  Explanation  "  was  then  in  the  press,  which  latter 
written  from  notes  made  previously  to  my  leaving  South-west 
ashire,  in  December,  18G8.  And  in  point  of  fact,  I  never  saw 
aper  until  the  present  year,  he  not  having  favoured  me  with  a 
at,  in  return  for  those  of  my  own  (sent  at  his  request),  and  for 
3S  to  his  letters  asking  for  information. 

•.  Reade  charges  mo  with  iniiccuracy,  because  certain  tliin  clays, 
ScrobictdartcBj  one  to  twenty  feet  in  thickness,  never  cropping  to 
arface,  and  overlaid  by  from  ten  to  seventy  feet  of  still  newer 
jits,  which  he  has  discovered  in  his  draining  operations,  near 
oast  (carried  out  since  1  left  the  district),  are  not  shown  on  the 
I  reply  that,  even  were  the  '  Lower  iScrohicuIaria  Clay '  a 
3e-soil,  it  could  not  be  separated  from  the  '  Lower  Gyclas  Clay/ 

^  This  correspondence  must  now  terminate. — ^Eo.  Gsol.  Mao. 
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with  Avbich  it  is  intercalated,  and  which  it  apparently  sometimes 
entirely  replaces,  the  two  deposits  being  lUhologically  one,  any 
division  between  them  would  be  a  zoological  boundary. 

I  am  not  Kuq)rised  to  hear  of  Mr.  Beado*B  discovery  of  mariiM 
shells  in  a  hole  in  the  lower  part  of  the  grey  clay,  beneath  the  peat 
of  Alt  mouth,  as  I  showed  in  my  ])aper  read  at  the  Geol.  See.  of 
London,  June,  1870,  that  beneath  the  peat  and  grey  clay  there  ii 
almost  always  a  bed  of  Post-tertiary  marine;  (Shirdley  Hill)  sand 
resting  on  denuded  13oidder-Clay.  But  the  upper  part  of  the  grey  day 
there  1  know  to  be  of  freshwater  origin,  containing  rushes  and  other 
plants,  as  well  as  freshwater  shells,  which,  however,  are  by  no  means 
common. 

Freshwater  sht-lls  also  occur  in  the  grey  clay,  beneath  the  peat,  at 
the  brick-pit,  near  the  Isle  of  Wight,  Birkdale,  which  I  constantly 
visited  during  my  nine  months'  stay  at  Birkdale,  never  finding  any 
marine  forms  in  it,  though  they  occur  abundantly  in  the  silty-day 
above  the  peat,  and  fragments  of  sea-shells  were  found  in  the 
Slnnlley  Hill  Sand,  underlying  the  grey  clay  of  this  pit. 

Tlie  sand  was  absent  in  the  Journal  of  the  boring  made  at  tha 
Palace  Hotel,  Birkdale  Park,  communicated  to  me  in  18G8,  by  Mr. 
Ilolbrook  Gaskell,  J.P.,  the  chairman  of  the  Company,  the  peat  and 
grey  clay  together  having  thinned  to  18  inches,  and  being  overlaid  by 
70  feet  of  modern  sand,  partly  blown. 

I  would  remind  Mr.  Keade  that  the  peat  overlaps  the  grey  clays, 
and  rests  on  marine  sand  and  Boulder-day,  and  that  tliese  clays 
have  therefore  nothing  like  an  area  of  7o  square  miles,  as  he  states. 
And  tliat,  agrjin,  this  plain  is  only  a  portion  of  a  larger  one,  since 
destmyt'l,  in  whieh  the  waters  of  the  Mersey  and  lUbblo  met,  not 
the  brooks  now  draining  into  the  7o  scpiare  miles. 

II.M.  Geologtcal  Survey,  Cuarles  E.   De  RaKOI. 

Amlllkide.  _ 

o:bxtu  j^iRizr . 

On  the  21tli  of  April  died  Mary  Elizabeth,  the  wife  of  Sir 
Cliiulos  Lvell,  Bart.,  in  the  (joth  year  of  her  age.  Lady  Lyell  was 
tlio  eUlost  tlMiiglitor  of  Leonanl  Hornor,  Esq.,  E.B.S..  a  pnmiinent 
mcmlier  of  the  (leolo'Tieal  Society  from  its  foundation  down  to  his 
death  in  ISOk  In  \bo'2  she  was  married  to  Sir  Charles,  then  Mr. 
Lyell.  and  ever  since  constantly  accompanied  him  in  his  seA'eral 
goologi(^al  visits  to  North  America,  as  well  as  on  almost  all  his  jour- 
neys (»n  the  Continent  of  Euro])c  as  well  as  in  England.  Lady 
Ijyoll  entered  warmly  into  the  scientific  pursuits  of  her  liusl>and,  and 
keenly  ai»preeiated  the  continual  changes  and  advances  in  geological 
knowledgo.  By  her  energetic  assistance  in  writing  from  dictation, 
the  lal)Our  of  bringing  out  the  several  editions  of  the  works  on 
Geolncry,  ijv  Sir  Charles  Lvell,  was  materially  lessened;  and  scarcely 
a  i)roof-sheei.  was  finally  sent  oft*  to  the  printer  without  being  first 
submitted  to  her  for  criticism  and  approval.  In  this  way  one  of  the 
last  acts  of  her  life  was  to  read  over  the  concluding  chapter  of  the 
fourth  edition  of  the  "Antiquity  of  Man,"  just  published. 


GEOLOGICAL   MAGAZINE 


Ho.  CDL— JULT,  1873. 


[. — On  ths  Ogoubbsnoe  of  a  Quabtzite  Bouldeb  in  a  Coal-seam 

IN  South  Staffordshibe.^ 

By  Rey.  T.  O.  Boitmet,  MJl.,  F.G.8., 
Fellow  and  Tutor  of  8t.  John's  College,  Cambridge. 

INTERRUPTIONS  in  the  continuity  of  a  Coal-seam,  whether  in 
the  form  of  intercalated  layers  of  sand  or  shoals  of  clay,  are  not 
nuce ;  but  I  have  been  able  to  find  little  on  record  concerning  the 
ooourrence  of  pebbles  of  any  considerable  size,  except  where  there 
was  reason  to  suppose  that  the  miners  had  struck  upon  an  old  river 
idiaimeL  The  Boulder,  which  forms  the  subject  of  this  paper,  was 
found  in  the  ISth  Coal  of  the  sinkings  belonging  to  the  Cannock 
and  Rugeley  Colliery  Company ;  and  I  am  indebted  to  the  kindness 
of  its  manager,  E.  C.  Peake,  Esq.,  for  the  opportunity  of  ezhihiting 
tlie  specimen  and  for  much  of  the  following  information.  The  seam 
oocurs  at  a  depth  of  about  540  feet  from  the  surface  of  the  ground;  the 
Boulder  was  completely  enveloped  in  the  coal,  but  its  precise  distance 
troTD.  the  top  of  the  seam  was  not  ascertained.  This  13th  coal  is 
considered  to  be  identical  with  the  12th  coal  in  the  Brereton  Colliery. 
In  the  latter  colliery  this  seam  ib  about  135  feet  above  the  lowest  or 
15th  coal ;  and  by  boring  to  a  depth  of  68  feet,  red  rocks  were 
reached,  which  very  probably,  like  those  detected  in  the  sinkings  at 
Halesowen,  belong  to  the  passage-beds  between  the  Silurian  and 
Old  Red  Sandstone. 

The  Boulder  is  in  shape  subspheroidal ;  having  been  probably  once 
ft  rhombic  parallelopiped,  defined  by  joint  planes  whose  angles  have 
since  been  worn  away.  Its  girth  in  two  directions  at  right  angles  is 
ibout  19  inches,  and  its  greatest  thickness  about  4  inches ;  it  weighs 
13  lbs.  13^  oz.  The  rock  is  a  very  compact  and  highly  altered  pale 
jrey  quartzite,  with  a  sharp  almost  conchoidal  fracture ;  lines  on  the 
exterior  roughly  parallel  to  its  flatter  ends  probably  indicate  divisional 
planes  due  to  original  stratification.  Lithologically  it  resembles  very 
5losely  one  of  the  varieties  of  quartzite  which  is  very  common  in  the 
Bunter  pebble-beds  of  the  neighbomrhood. 

Two  questions  at  once  present  themselves  with  regard  to  this 
Boulder — (1)  How  did  it  come,  (2)  whence  did  it  come,  into  the 
position  in  which  it  was  found? 

(1).  The  absence  of  other  pebbles  shows  that  a  stream  alone, 
5ven  in  flood-time,  is  not  likely  to  have  brought  it.     For  a  torrent 

1  Read  before  the  Cambridge  Philosophical  Society,  March  3,  1873. 
VOL,  X.— KG.  ctx.  \^ 
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strong  enough  to  have  transported  snch  a  Bonlder  oonld  have  hardlj 
failed  to  throw  down  grit  enough  to  spoU  the  neighbouring  oosL 
At  the  same  time  it  must  have  been  brought  by  a  swollen  s1z«sbi, 
for  otherwise  whatever  acted  as  a  float  could  hardlj  haTe  penetrated 
the  dense  mass  of  vegetation  constituting  the  coal-seam.  The  oolj 
agents  that  appear  likely  to  have  transported  it  are  ice  or  a  traa 
The  former  does  not  appear  a  probable  one  at  this  period  of  tin 
world's  history;  the  Boulder,  however,  could  readily  have  been 
brought  entangled  in  the  roots  of  a  tree,  which  might  have  heen 
torn  up  during  some  unusually  high  flood,  have  been,  swept  by  ai 
efldy  out  of  the  course  of  the  main  current,  and  have  been  left  in 
the  jungle  on  the  retreat  of  the  water.  In  process  of  time  the  tree 
would  be  imbedded  in  a  coal-seam,  and  any  trace  of  it  would  essflj 
be  overlooked  by  the  workmen.  The  finer  sediment  would  be  washed 
out  on  the  journey. 

(2).  The  locality  whence  this  Boulder  came  is  a  harder  questioa 
to  determine.  There  are  quartzites  at  the  Wrekin  and  the  Stiper 
stones,  but  not,  I  believe,  exactly  of  this  kind.  The  two  localitiei 
known  to  me  where  a  similar  rock  occurs  within  a  moderate  distanoe 
are  Hartshill,  near  Nuneaton  (to  the  S.E.),  and  the  eastern  side  of 
Bromsgrove  Lickey  (to  the  S.).  The  former  of  these  is  supposed  to 
be  an  altered  Millstone-grit ;  the  latter  is  of  Upper  Llandovery  age^ 
Both  resemble  the  rock  of  the  Boulder  and  of  the  Bunter  con- 
glomerate; the  former  most  closely.  But  not  only  is  it  in  tba 
highest  degree  probable  that  both  these  quartzites  were  buried 
beneath  many  fathoms  of  strata  in  the  Triassic  age,*  but  also,  if  we 
rogard  the  distribution  of  the  Bunter  pebbles,  it  is  almost  impossible 
that  they  can  have  furnished  the  materials.  Again,  the  South 
Staflfordshire  Coalfield  is  on  the  northern  slopes  of  tlie  great  barrier 
which  in  the  earlier  Carboniteruus  periods  separated  the  northern  and 
southern  sea-basins,  and  this,  if  ever  quite  overspread  by  Coal- 
measures,  would  not  be  till  rather  late  in  the  period.  Thus  we  are 
driven  to  seek  a  northern  rather  than  a  southern  origin  for  the 
Boulder.  The  sedimentary  materials,  as  Mr.  Hull  has  shown  in  a 
very  able  paper,'  during  the  Triassic  as  well  as  the  Carboniferous 
period  came  from  the  N.W.,  passing  through  the  open  space  between 
Cumberland  and  Wales,  then  probably  the  embouchure  of  a  great 
river.  The  Bunter  pebbles,  however,  seem  rather  to  have  come  from 
the  N.E.,  brought  by  the  current  of  another  stream  (which  may 
have  drained  a  considerable  area  to  the  eastward  of  the  Firth  of 
Forth),  or  possibly  rolled  along  the  coast-line  of  the  Pennine  chain, 
as  in  later  days  the  pebbles  washed  out  of  the  Boulder-clay  have 
travelled  down  the  east-em  shores  of  England.  He  suggests  that 
they  have  been  •  orij^inally  derived  from  the  quartzites  of  the 
Northern  Highlands,  and  have  halted  on  the  way  in  conglomerates 
of  intonno<liato  age.     With  this  opinion,  after  examining  several 

1  If  the  Hartshill  rock  be  Millstone-g^rit,  it  would  probably  be  nntltered  at  thii 
rather  early  epoch  of  the  Coal-niea>ures. 

'  (luart.  Joum.  Treol.  Soc.  xviii.  p.  127;  and  Triassic  and  Permian  Rocks  of  the 
If  idland  Counties  (Memoir  of  the  Geol.  Surrey),  p.  60. 
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oonglomerates  of  Old  Bed  Sandstone  and  Carboniferous  age  in 
Scotland,  I  fully  concur.  The  'Bunter  conglomerates  of  the 
Ifidland  Countiee,  with  which  I  am  very  familiar,  only  differ  from 
aome  of  those  in  Scotland  in  the  greater  prevalence  of  quartzite 

Setbbles;  this,  however,  is  merely  a  case  of  the  'survival  of  the 
ttemt,*  for  a  quartzite  is  one  of  the  most  durable  of  rocks. 
We  are,  I  think,  justified  in  looking  to  a  distant  locality  for  this 
Boulder ;  because,  had  it  come  from  near,  pebbles  of  considerable 
■ise  would  be  common  in  the  Coal-measure  sandstones,  which  is  not 
the  case  in  Central  England ;  indeed,  I  am  not  aware  of  any  instance 
either  in  the  Carboniferous  or  Permian  periods  (for  the  breccia  of 
the  latter  is  no  parallel)  where  quartzite  Boulders  of  this  size  have 
been  observed.    I  should  therefore  suppose  that  it  had  been  brought 
daring  a  flood  from  some  deposits  to  the  N.W.,  similar  to  those 
"which  still  remain  in  more  than  one  place  about  the  Firth  of  Clyde. 
It  might,  indeed,  have  come,  like  the  Bunter  pebbles,  from  some  Old 
Bed  Sandstone  district  to  the  east  of  the  present  Lammermuirs ;  but, 
mm  the  Pennine  chain  did  not  then  exist,  and  as  the  streams,  judging 
from  Mr.  Hull's  curves  of  thickness,^  ran  in  a  south-easterly  direc- 
tion, it  is  difficult  to  understand  how  anything  could  have  drifted 
aoross  the  line  of  their  current  to  the  position  of  this  Boulder. 
Both  explanations  have  their  difficulties;  indeed,  with  our  present 
knowledge,  we  can  do  little  more  than  state  the  problem,  and  leave 
its  solution,  like  that  of  many  other  kindred  investigations,  to  the 
fiitmie. 

IL — On  "  Blocky  "  Rook  Surfaces,  and  the  Theobt  op  the 

Shrinking  Nuoleus  of  the  Globe. 

By  G.  PouLETT  ScROPB,  F.R.S.,  F.G.8.,  etc. 

rpHE  article  by  Mr.  Clifton  Ward  upon  "Rock  Fissures"  in  the 

X     Geological    Magazine    for  June,  has    reminded    me    of  a 

special  characteristic  of  some  igneous  rocks,  which  has  been  perhaps 

:     as  yet  imperfectly  appreciated.     I   mean  by  igneous  rocks,  such 

masees  of  subterranean  mineral  matter  as  have  apparently  thrust 

\     themselves  upwards  to  the  surface  of  the  globe  by  a  process  of 

i      internal  expansion  or  intumescence,  caused  by  heat  —  not  always 

attaining  absolute  fusion,  but  in  some  degree  owing  to  the  general 

permeation  of  the  matter  by  super-heated  water,  or  steam,  or  other 

gases. 

The  characteristic  I  refer  to  is  the  superficial  fissuring  of  tliese  rocks 
in  the  manner  aptly  called  by  Mr.  C.  Ward  "  blocky " ;  the  surface 
of  the  rock  or  mountain,  as  in  one  of  the  examples  described  by  him, 
viz.  the  summit  of  Scafell  Pikes,  "  being  thickly  strewn  over  with 
large  rough  blocks  of  stone,  so  that  one's  progression  is  often  limited 
to  jumping  from  rock  to  rock."  No  words  could  more  exactly  de- 
scribe the  conformation  of  the  surface  -of  many  erupted  volcanic 
masses,  such  as  the  basaltic  hills  of  the  Siebengebirge ;  the  ex- 
tremities of  the  basaltic  plateaux  that  reach  the  valleys  of  the  Borne 

'  Qaart.  Joam.  Geol.  Soc.  xvilL  plate  'vii. 
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and  Loire,  near  Le  Puy,  in  Central  France ;  the  great  lava-field  at 
the  foot  of  the  Peak  of  Teneriffe,  within  the  vast  encircling  'cirqne* 
described  by  Prof.  Piazzi  Smyth  as  a  chaos  of  tumbled  blocks,  more 
or  less  cuboidal,  and  varying  in  size  from  that  of  a  house  downwards. 
Such,  too,  seems  to  be  the  character  of  the  surface  of  the  great  lava- 
bed  of  California,  which  was  the  last  refuge  of  Captain  Jack  and  lus 
tribe. 

Now  what  is  the  cause  of  this  peculiar  structure  ?  Shrinkage  dnr- 
in;;^  consuliilation  is  the  usual,  and  no  doubt  the  correct,  explanatioii. 
But  how  happens  it  that  while  some  lavas  on  exposure  to  the  open 
air  are  fissured  and  broken  up  into  blocks  in  this  extreme  degree, 
others  present  a  smooth  and  almost  glossy  exterior,  wrinkled  into 
cable-like  folds,  while  others  exhibit  rude  and  jagged  sooriform  pro- 
jections which  have  been  compared  to  the  waves  of  a  storm-tossed  sea 
frozen  at  the  moment  of  its  wildest  disturbance  ?  It  is  remarkable 
that  lavas  poured  out  from  the  same  volcano  at  successive  intervals 
sometimes  present  these  distinct  varieties  of  superficial  structure,  as 
for  instance  the  several  Vesuvian  lava  currents  of  1871  and  1872, 
described  by  Prof.  Palmieri  (Account  of  the  Eruption  of  March,  1872, 
Mallet's  translation,  p.  103),  the  former  as  breaking  on  exposure  to 
the  air  into  rude  scoriform  fragments  (which  he  consequently  calls 
<  fragmentary'  lava*) ;  the  latter  coating  itself  with  a  uniform  solid 
skin,  more  or  less  wrinkled,  which  he  calls  'lava  with  united  sur&ce.' 
It  is  noteworthy  that  these  two  lavas  differ  also  in  mineral  character 
— tho  former  being  rich  in  pyroxene,  the  latter  in  leucite. 

In  ray  work  on  Volcanos  I  have  referred  these  differences  in  the 
forms  assumed  by  lava  surfaces  on  exposiu'e  to  the  atmosphere  to 
corresponding  differences  in  the  grain  or  size  of  the  crystals  or 
pniiiular  particles  that  comj)ose  the  lava  at  the  moment  of  its  out- 
flow ;  the  finest  grained  lavas  approaching  to  the  state  of  glassy 
fusion,  l>eing  highly  viscid  and  comporting  themselves  on  exposure 
liko  melted  glass  or  obsidian ;  the  coarser-grained  being  yet  suffi- 
ciently liquefied  to  admit  of  the  formation  of  spherical  bubbles  of 
Fteani  within  them,  and  tho  upward  movement  and  escape  of  these 
steam  bubbles,  under  the  influence  of  hydrostatic  pressure  :  while  in 
the  very  coarsest  grained  or  extremely  crystalline  lavas,  from  want 
of  sufficient  mobility  in  their  component  particles,  the  steam  only 
esea|»es  by  filtration  through  and  between  these  particles,  causing  the 
Ku«l«len  contraction  and  congealing  of  the  mass  and  the  formation  of 
gaping  fissures;  this  process  rapidly  reaching  to  a  considerable  depth, 
ami  tlie  result  being  the  separation  of  the  surface  into  those  more  or 
less  loose  and  cuboidal  blocks,  often  of  large  size,  which  I  have 
deseril)ed  al>ove  as  characteristic  of  some  lava-fields. 

I  do  not,  however,  find  that  this  explanation  of  the  differences  in 
question  has  met  with  much  consideration  or  acceptance  among 
ge- 'Insists.  Tho  old  notion  still  seems  to  prevail  as  to  the  equally 
comi>leto  fusion  of  all  lavas  at  the  time  of  their  emission,  and  that 
their  differences  of  texture  are  owing  only  to  more  or  less  rapid 
cooling,  notwithstanding  the  certainty  that  the  surface^  at  least  of 
every  lava-stream  exposed  to  tho  open  air  must  be  subject  to  pre« 
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Jy  the  same  rate  of  refrigeration,  abstracting,  of  conrse,  local  and 
[denial  Tariations  of  atmospheric  temperature. 
'.  would  suggest,  then,  that  whenever  the  surface  of  an  igneous 
k,  such  as  those  described  in  Mr.  Ward's  paper,  is  seen  to  be 
med  of  tumbled  blocks,  and  split  by  gaping  fissures,  it  is  pre- 
lably  the  upper  portion  of  a  protruded  mass  which  reached  its 
sent  position  in  a  state  of  igneo-aqueous  liquefaction,  and  rapidly 
ting  with  its  contained  steam  and  beat  on  exposure  to  the 
losphere,  was  rent  and  broken  up  by  sudden  shrinkage  in  the 
oner  described  above  as  characteristic  of  many  fields  of  coarse- 
ined  and  highly  crystalline  lavas.  As  the  process  of  consolidation 
{  cooling  extended  downwards,  the  outwardly  gaping  fissures  will 
re  been  continued  in  closer  vertical  joints ;  or,  where  the  separa- 
[i  of  the  sides  was  considerable,  these  would  be  filled  by  the 
3flt  grained  material,  or  perhaps,  liquefied  silica,  squeezed  out 
m  the  contiguous  crystalline  mass,  giving  rise  to  the  veins  of 
er  crystalline  matters,  or  of  pure  quartz,  with  which  these  rocks 
I  8o  often  penetrated. 

limch  that  seems  obscure  in  the  position,  structure,  and  texture 
the  crystalline  igneous  rocks  of  all  ages,  as  also  in  the  influence 
)y  have  exercised  on  the  stratified  rocks  with  which  they  came  in 
itact,  would  come  out  far  cle€urer  if  it  were  borne  in  mind  that  these 
ska  assumed  their  present  positions  while  in  the  state  of  a  more 
less  pasty  magma,  highly  elastic,  i.e.  having  a  tendency  to  expan- 
»n,  by  reason  of  the  quantity  of  super-heated  water  or  steam  dissemi- 
ted  through  its  substance  among  the  component  imperfectly  formed 
f  stals  or  granules  ; — a  view  which  I  advanced  nearly  fifty  years 
ck,  Bind  which  has  since  been  accepted  by  many  eminent  geologists. 
For  example,  the  more  or  less  horizontal  pressure  that  has  evi- 
ntly  been  exerted  in  frequent  instances  by  plutonic  masses  upon 
e  strata  through  which  they  have  burst  up,  shouldering  aside  and 
ampling  them  into  anticlinal  and  synclinal  curves,  or  causing 
mplicated  faults  in  them  when  too  rigid  to  bend — which  forms  the 
bjeot  treated  of  by  the  Eev.  0.  Fisher  in  the  elaborate  article  which 
Lk>w8  that  of  Mr.  Clifton  Ward — is  thus  readily  explained ;  since 
ly  elastic  mass  placed  between  the  two  opposite  forces  of  the  up- 
rust  from   below,  and  its  own  weight  from  above,  must  tend 

expand  horizontally  with  enormous  power.     There  would  seem, 
en,  to  be  no  need  to  resort,  for  an  explanation  of  these  phenomena, 

the  hypothesis  of  a  shrinking  nucleus  to  the  globe.  The  rise 
om  beneath  the  fractured  crust  of  masses  of  granite  or  other 
utonic  crystalline  matter  in  a  state  of  igneo-aqueous  plasticity,  and 
Ksessarily  exerting  an  enormous  horizontal,  or  rather  diagonal, 
-essure  against  the  sides  of  the  fissure  through  which  the  matter  is 
sing,  or  in  any  direction  that  offers  the  least  resistance, — ^together 
ith  the  tendency  of  the  upraised  strata,  under  the  influence  of 
ravitation,  to  slip  away  from  the  axis  or  centre  of  elevation, — will,  I 
link,  account  for  all  the  evidences  of  lateral  thrust  observable  in 
le  faults  and  crumpling  of  the  strata.^ 

1  See  Volcanos,  p*  287^  ed.  1872. 
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That  heat  is,  and  has  always  been,  passing  continually  from  the 
interior  of  the  globe  into  space  through  the  superficial  xocks,  bj 
concluction,  as  well  as  by  the  agency  of  volcanic  eruptions  and  ex- 
halations, the  upthrust  of  heated  rocky  matter,  hot  springSy  eta,  a 
an  unquestionable  fact  That  this  escape  of  heat  occasions  secolii 
cooling  and  contraction  in  the  entire  globe,  is  but  an  hypothesis.  It 
is  quite  conceivable  that  the  heat  so  parted  with  may  be  restored  ia 
somo  manner,  eitlier  from  within  or  from  without,  as,  for  iostanoe, 
is  the  case  with  the  heat  of  a  living  animal.^  All  the  phenomena  of 
Yolcanic  and  Plutonic  action  are  explicable,  as  I  have  repeatedlj 
shown,  by  the  local  changes  of  temperature  and  lateral  shifting  oif 
heat  that  must  be  occasioned  in  the  matter  underlying  the  outer 
crust  by  local  variations  in  the  thickness  and  conducting  power  of 
the  superficial  deposits, — producing  corresponding  variations  in  the 
subterranean  isothermal  planes — which  we  know  to  be  continoallj 
taking  place.  This,  indeed,  is  admitted  by  Mr.  Fisher,  who  quotn 
Mr.  Babbage  in  support  of  the  view  that  "the  deposition  of  i 
stratum  at  the  bottom  of  the  ocean  would  raise  the  tempetatuie  of 
the  rocks  underlying  the  original  surface  by  2°  Fahr.  for  every  200 
feet  laid  down  upon  it*' 

I  may  mention  here  that  so  early  as  1825,  and  consequently  some 
years  before  the  publication  of  Mr.  Babbage's  paper  in  1834, 1  had 
suf]:gcstcd  that  the  very  different  conductibUity  of  the  rooks  forming 
the  crust  of  the  globe — and  especially  the  resistance  offered  to  the 
escape  of  subterranean  heat  by  the  deposition  of  "  sedimentary  lime- 
stonos,  clays,  and  sandstones*' — must  occasion  corresponding  changoe 
in  the  temperature  of  the  heated  matter  beneath,  **  the  internal  heat 
continually  endeavouring  to  put  itself  in  equilibrio.**  *  It  will  be  noted 
that  this  view  is  distinct  from    that  of  Sir  John  Herschel   (pub- 
lisliod   in  the   same   year  as  that  of  Babbage),  which   attributed 
Plutonic  and  Volcanic  movements  to  variations   in  the   thickness 
and  consequent  pressure  of  the  superficial  deposits  upon  a  liquid 
matter  beneath,  rather  than  to  changes  in  the  amount  of  internal 
heat  due  to  variations  in  the  conductibility  of  tlie  outer  covering. 
Perlinps.  indeed,  both  causes  may  have  co-operated.    Tlie  increase  of 
local  pressure  from  above  may,  as  already  observed,  have  a  mechanical 
efiect  in  producing  lateral  movement  in  the  more  or  less  elastic 
matter  ])eneath.     But  if  the  increase  of  heat,  as  may  well  be  sup- 
poseil,  took  place  there  faster  than  it  could  pass  ofi*  laterally,  either 
by  conduction  or  actual  change  of  place  in  the  highly  viscid,  if  not 
solid,  matter,  the  results  we  should  anticipate  would  be  local  ex- 
pansion, raetamor])hism,  disturbance,  and  upthrust,  causing  super- 
ficial elevation ;  in  short,  tlie  exact  phenomena  of  which  such  patent 
evi donees  are  seen  in  mountain  ranges. 

AVithout,  therefore,  denying  the  ])0S8ibility  of  the  secular  cooling 
and  contraction  of  the  nucleus  of  the  globe,  I  maintain  that  the 
phenomena  which  it  is  brought  forward  to  account  for  can  be  ex- 
plained l)y  deductions  from  ascertained  facts  without  resorting  to 
that  hypothesis. 

^  Sec  Lvcirs  Priuciiikti,  cd.  1872,  p.  233.  '  Volcanos,  ed.  1825,  p.  30 
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It  may  be  said  that  the  Tolcanio  or  trap  rooks  appear  to  have 
ffected  very  little  disturbanoe  in  the  rocks  Uirough  which  thej  have 
Lsen;  violent  disturbanoe  and  horizontal  compression,  as  well  as 
legation  and  metamorphism,  being  confined  ^most  wholly  to  the 
ctniaion  of  the  massive  and  highly  crystalline  rocks  which  are 
Bually  distingaished  as  'Plutonic,'  viz.  the  granites,  porphyries, 
srpentines,  etc.,  eto.  This  is,  however,  exactly  what  might  be 
Kpeoted  on  the  supposition  that  the  upthrust  of  the  latter  is  the 
ireot  effect  of  their  subterranean  expansion  from  increase  of  beat ; 
XB  rise  of  the  former,  the  secondary  effect  of  these  movements,  due 
>  the  opening  of  lateral  fissures,  often  at  a  considerable  distance 
x>in  the  axis  or  centre  of  elevation,  affording  issue  to  portions  of 
lie  heated  interior  suddenly  relieved  from  pressure. 

8uch  lateral  fissures  being  almost  necessarily  parallel  to  the  axes 
f  elevation,  we  may  see  here  the  cause  jof  the  general  parallelism 
f  lines  of  volcanic  eruption  to  the  neighbouring  continental 
aoontain  ranges,  as  well  as  of  their  frequent  coincidence  with  ooast- 
Lnes,  that  is,  with  the  edges  of  the  up-raised  areas.^ 

This  view  of  the  subject,  I  believe,  corresponds  more  nearly  with 
bat  advocated  by  Captain  Hutton,  in  his  New  Zealand  lecture,  than 
vith  that  of  Mr.  Fisher,  who  looks  for  his  original  cause  of  change 
Q  the  assumed  contraction  of  the  earth's  nucleus  within  a  more  or 
es8  rigid  crust. 

ni. — Contributions  to  Cabboniferous  Paueontology. 
By  B.  Ethbbidqe,  Junior,  F.G.S.,  of  the  Geological  Survey  of  Scotland. 

I. — Note  on  the  genus  Contdaria,  Miller. 

rHB  genus  Conularia  was  first  described  by  Miller  about  the  year 
1820,  and  afterwards  more  fully  by  Sowerby,  as  a  "conical 
lollow  univalve  shell,"  (Min.  Con,,  vol.  iii.  p.  107).  It  had  pre- 
rionsly  been  figured  by  Ure  under  the  name  of  a  "  curious  fossil" 
[History  of  Eutherglen  and  E.  Kilbride,  p.  880).  Sowerby,  amongst 
>ther  characters,  noticed  that  in  one  of  his  specimens,  formerly  in 
filler's  collection,  the  edges  or  "  lips  "  of  the  broader  or  truncated 
md  of  the  shell  were  inflected,  and  nearly  met  in  the  centre  (1.  c.  t. 
260,  fig.  4). 


I 


Conularia  quadrisulcata,  Sby.    Upper  Limestone  (CarboDiferoas) 
series.    Williamwood  near  Glasgow. 

The  specimen  in  question  appears  to  have  been  in  a  very  muti- 
ated  and  crushed  condition,  and  if  we  are  to  judge  from  Sowerby's 

^  See  Volcanos,  pp.  276-287,  ed.  1872. 
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fignre  this  obaracter  might  be  easily  overlooked,  as  it  Beemi  to 
have  been  by  most  subsequent  writers,  indeed  it  might  well  be 
mistaken  for  merely  the  sides  of  the  shell  crashed  in.  The 
very  fragmentary  form  in  which  we  usually  find  Canvlaria  goes 
far  to  prove  the  tiiinness  and  delicacy  of  its  test,  and  it  may  be  on  tfaii 
accoimt  that  the  structure  of  the  larger  end  is  so  seldom  preserred. 

A  small,  but  well-marked  specimen  of  C.  quadrieuleata,  Sow^ 
from  the  shale  of  the  Orchard  Cement  Stone  (Up.  Limestone  series] 
at  Williamwood,  four  miles  south  of  Glasgow,  in  the  possession  of 
Mr.  J.  Bennie,  of  the  Geological  Survey  of  Scotland,  enables  me  to 
confirm  Sowerby's  description  of  the  iiiflected  margins  of  the  mouth 
in  Convlaria,  At  the  point  at  which  we  usually  find  the  conical 
sides  of  the  shell  broken  off,  all  four  margins  are  tmiformly  inflected 
and  bent  down,  but  do  not  meet  in  the  centre  of  the  truncated  end ; 
on  the  contrary,  a  quadrangular  opening  is  left,  with  the  four  oomen 
forming  re-entering  grooves,  which  join  the  four  angles  formed  by 
the  union  of  the  conical  sides  of  the  shell.  On  the  fJEU^e  of  each  in- 
flected margin  is  a  sharp  ridge,  corresponding  to  that  nmning  down 
each  side  of  the  cone,  crossed  at  an  angle  by  similar  transveiBe 
granulated  strias.  It  is  probable  that  these  inflected  surfisusee  were 
continued  still  further  inwards  and  upwards,  as  one  or  two  of  the 
central  ridges  show  some  traces  of  fracture.  Whether  this  structare 
closed  the  orifice  of  Conuiaria  or  not  it  is  difficult  to  say.  It  may 
have  acted  the  part  of  the  Operculum  in  an  allied  form,  Theea  oper- 
culaia,  Salter  (Mem.  Geol.  Survey,  vol.  iii.,  app.  p.  361,  t.  10,  f 
22-24),  from  the  Lower  Tremadoc  beds,  at  rortmadoc,  although 
itself  not  an  Operculum  in  the  true  sense  of  the  word. 

The  affinities  of  Conuiaria  have  been  the  source  of  much  difference 
of  opinion  amongst  Palaeontologists.  Its  original  describer.  Miller, 
placed  it  with  the  Cephalopoda ;  in  this  he  is  followed  by  Fleming 
(Brit.  Animals,  p.  240)  and  others.  On  the  other  hand  Sowerby 
considered  that  it  had  affinities  with  Teredo  (Sow.  Lap.  107). 
D'Archiac  and  De  Yemeuil  were,  so  far  as  I  am  aware,  the  first  to 
place  Conuiaria  amongst  the  Pteropoda  (G^ol.  Trans.,  second  series, 
vol.  vi.,  pt.  2,  p.  325),  and  there,  for  the  want  of  better  defined 
affinities,  it  has  remained.  Prof.  Hall  placed  the  genus  amongst  the 
Cephalopoda  from  the  fact  that  a  Trenton  Limestone  species,  which 
he  referred  to  Comdaria  (C.  TVentonensis)^  had  perforated  septa,  as 
in  Orthoceras  (Pal.  New  York,  vol.  i.  p.  222) ;  but  the  probability  is 
that  the  form  in  question  is  not  a  Conuiaria  at  all,  although  Sowerby 
in  a  measure  somewhat  confirms  this  view  when  he  speaks  of  the 
presence  of  "imperforate  septa"  (Sow.,  1.  c,  p.  107).  One  of  the 
chief  arguments  brought  against  the  pteropodous  nature  of  Contdaria 
is  that  of  its  size,  and  again  its  alleged  gregarious  habit.  We  have 
only  to  turn  by  way  of  analogy  to  various  other  divisions  of  the 
animal  kingdom  to  at  once  perceive  the  fallacy  of  the  former  argu- 
ment. As  regards  its  gregarious  habit,  I  think  solitary  specimens 
are  as  common,  if  not  more  so,  than  their  occurrence  in  associated 
masses.  Like  living  Pteropods,  Conuiaria  appears  to  have  had  a 
fragile  shell,  though,  perhaps,  in  not  so  marked  a  degree  as  is  to  be 
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found  amongst  existing  forms.  The  shape  of  the  shell  somewhat 
resembles  that  of  certain  living  genera,  as  Creseis,  Bang.,  and 
Cuvieria,  Bang.  For  farther  information  respecting  Contdaria  I 
would  refer  those  who  take  an  interest  in  the  subject  to  an  article 
by  Dr.  G.  Sandberger  in  Leonhard  and  Bronn's  Jahrbuch,  1847. 


lY. — On  Som  TTndesobibbd  Species  of  Lamellibbanchuta  from 

THE  CABBOinFEBOUS   SeBIES  OF  SCOTLAND. 

Bt  £.  Ethbudob,  Jum.,  F.G.8. 

THE  LameUibranehiata  of  the  Scotch  Carboniferous  beds  appear 
to  agree  on  the  whole  tolerably  well  with  those  of  the  series 
as  developed  further  south,  notwithstanding  we  here  and  there  meet 
with  well-marked  varieties,  and  occasioncdly  new  species.  These 
are  not  so  numerous  as  might  have  been  expected  when  we  take 
into  consideration  the  very  different  physical  conditions  which  must 
have  existed  during  the  deposition  of  the  series  in  the  two  areas. 

In  the  present  communication  three  forms  will  be  noticed  which 
appear  to  be  specifically  distinct  from  any  yet  recorded  from  British 
Carboniferous  rocks.  The  first  of  these  is  an  exceedingly  well- 
marked  species  of  Conoeardiumy  Bron.  (Pleurorhynchus,  PhU.),  for 
which  I  propose  the  name  of  Conocardium  decuasatum,  from  the 
characteristic  ornamentation  of  the  shell.  It  is  a  small  species, 
of  a  regular  horse-hoof  form,  with  an  exceedingly  strong  ridge 
separating  the  anterior  and  posterior  sides,  amounting  almost  to 
a  keel.  In  general  form  it  resembles  0.  trigonale,  Phil.,  and  some 
depressed  varieties  of  C,  Hihemtcum,  Sow.,  but  may  be  at  once 
distinguished  from  both  these  by  the  shell-ornamentation.  The 
full  description  is  as  follows : 

1. — Conocardium  decussatum,  sp.  nov. — Shell  obliquely  horse-hoof 
shaped,  very  convex;  anterior  end  produced,  somewhat  cylindrical, 
gaping,  tapering  towards  the  hinge-line;  posterior  end  truncated, 
slightly  flattened,  produced  abruptly  into  an  elongated  siphonal  tube 
arising  from  the  hinge-line,  bounded  by  a  very  strong  ridge  or  keel, 
passing  from  the  beaks  to  the  antero-ventral  extremity;  beaks 
nearly  central,  prominent,  contiguous;  hinge-line  as  long  as  the 
shell,  terminating  posteriorly  in  the  siphonal  tube;  surface  cha- 
racteristically ornamented;  the  posterior  end  has  from  seven  to 
eight  concentric  ribs,  which  bifurcate  about  half-way  between  the 
beaks  and  the  shell-margin,  and  are  crenulated  along  their  whole 
course;  posterior  end  minutely  and  regularly  decussated,  the  inter- 
spaces assuming  the  form  of  elongated  rhombs ;  the  crossings  of 
the  radiating  and  horizontal  strisB  give  rise  to  small  nodes ;  margin 
crenulated. 

The  truncated  end  of  Conocardium  is  usually  considered  as  anterior, 
but  I  have  followed  the  example  of  Woodward  (Manual  of  Mollusca, 
2nd  ed.,  p.  465)  and  Baily  (Joum.  Boy.  Qeol.  Soc.,  Ireland,  vol.  iii. 
pt.  i.  (n.s.)  p.  24),  by  making  the  truncated  end  posterior.  The 
siphonal  tube,  although  broken  off,  shows  a  decided  tendency  to 
curve  upwards. 
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Locfdiiy. — ^Fonnd  bj  31  r.  J.  Bennie  in  the  shales  of  tiie  Orehsid 
Cement  Stone  (Upper  Limestone  series),  at  William-wood,  about 
three  miles  south  of  GIssgow. 

2. — ^For  an  opportanity  of  noticing  the  following  species  of 
Pteronttes,  McCoj,  I  am  indebted  to  Mr.  J.  Young,  of  Glasgow,  who 
first  called  my  attention  to  it.  It  approaches  in  many  of  its  characten 
P.  per$ulcatu9,  McCoy,  but  is  smaller  and  differs  oonsidejrably  in  the 
•  ribbing  of  the  shelL  I  propose  for  it  the  specific  name  P.  regulanM. 
In  P.  perstdeatvu  the  ribs  are  coarse,  rugged,  flexuous,  irregular. 
slightly  interrupted  ridges,  larger  and  smaller.  The  ribs  in  the 
new  species  show  no  alternation  in  size,  are  equal,  sharp,  regular, 
and  much  finer  and  more  numerous  in  proportion  to  the  size  of  the 
shell;  neither  do  they  show  any  tendency  to  become  ragged  and 
broken  up,  as  in  McCoy's  species,  but  pass  direct  from  one  end  of 
the  shell  to  the  other.  In  P.  persulcatus  the  ribs  on  the  posterior 
win;^  are  laiger,  and  separated  by  broader  interspaces  than  those  on 
the  body  of  the  shell,  but  in  our  new  form,  P.  reguiarisj  there  is  no 
apparent  difference,  all  the  ribs  possessing  the  same  flexooos  even 
aspect.     Its  characters  are  as  follows : 

Pteroniiei  regylaris,  sp.  nov. —  Shell  transversely -trigonal,  de- 
pressed; anterior  end  small,  pointed;  posterior  end  thin,  delicate, 
api)arently  subtruncate ;  hinge-line  well  defined,  about  equal  to  the 
width  of  the  shell;  beaks  sharp,  nearly  terminal,  slightly  prominent; 
ventral  margin  without  any  visible  sinus ;  shell  thin ;  surfiEM^e  with 
numerous  regular,  sharp,  flexuous,  equal,  persistent  ribs,  which  pass 
in  a  close  unbroken  manner  from  one  side  of  the  shell  to  the  other. 

Localitiea. — Arden  Qiiarryi  near  Thomliebank,  Renfrewshire; 
Linn  S|x>ut  Quarry,  Dairy,  Ayrshire;  at  both  localities  in  shale 
under  the  Thomliebank  and  Arden  Limestones  (Upper  Lime- 
stone series)  associated  with  Estheria  punctatella,  Jones. 

^j. — The  generic  affinities  of  the  next  species  do  not  appear  to  be 
as  clear  and  decided  as  those  above  described,  and  the  creation  of 
a  new  genus  for  its  reception,  on  the  strength  of  the  only  single 
specimen  with  which  I  am  acquainted,  would  be  rather  hazardous, 
CKpc^ially  as  some  of  the  characters  are  not  sufficiently  well  marked.  I 
liavc  provisionally  referred  it  to  Schlotheim's  MyaciUs.  The  absence 
of  an  erect  dorsal  margin  at  once  excludes  it  from  SanguinoUtts, 
McCoy,  and  Edmondia,  de  Eoninck.  In  neither  of  these  shells  is 
the  ta])ering  of  the  posterior  side  so  marked  as  in  the  present  species; 
even  in  the  presence  of  an  erect  dorsal  margin  it  would  not  be 
prudent  to  refer  it  to  the  latter  genus  without  some  indication  of 
tlio  hinge  mechanism.  In  form,  the  shell  at  present  under  con- 
sideration approaches  nearest  to  Myacitest  possessing  the  exact  out- 
line of  many  Secondary  species  of  that  genus.  The  presence  of 
Myacites  in  palaeozoic  rocks  is  a  debated  point,  but  as  it  is  sanctioned 
by  Prof.  Morris  in  his  '  Catalogue,'  it  must  bo  retained  until  a  better 
gonus  is  proposed  for  the  shells  at  present  included  in  it  Prof. 
King  considered  Myacites  equivalent  to  his  AUorisma  (Perm.  Foss., 
p.  196),  and  proposed  the  substitution  of  the  one  term  for  the  other, 
the  only  reason  assigned  for  this  change  being  that  the  name  Myacile$ 
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implies  that  the  shells  are  fossil  Myeu  (l.o.  p.  196,  note).  However 
lihis  may  be,  it  is  evident  that  a  genus  is  required  for  the  re- 
ception of  numerous  Carboniferous  shells  which  neither  fall  into 
SanguinoUies  on  the  one  hand,  or  Edmondia  on  the  other.  Such 
are  those  usually  referred  to  Myacites,  and  so  far  as  the 
character  of  the  present  species  can  be  made  out,  it  appears  to  be 
One  of  them.  If  Myaciies  and  AUorisma  are  synonymous,  it  can 
only  be  in  the  case  of  the  latter  genus,  as  afterwards  restricted  by 
Prof.  King  (I.e.,  p.  196),  because,  as  at  first  constituted  (Annals  and 
Mag.'  Nat.  Hist.,  1845,  vol.  xiv.  p.  316),  Allori$ma  combined  two 
shells  of  totally  different  characters  (Perm.  Foss.,  p.  162).  I  propose 
the  name  M.  tenutlineaia  for  this  form,  which  was  kindly  lent  me 
for  description  by  Mr  D.  J.  Brown,  of  Edinburgh  (by  whom  it  was 
found).  Although  not  in  the  best  state  of  preservation,  its  specific 
characters  appear  to  be  these : 

Myaciies  ?  (Allorttma)  tenmlineata,  sp.  nov. — ^Transversely  elongate, 
produced  posteriorly,  inequilateral;  anterior  side  short,  rounded; 
posterior  side  narrowed,  acuminated,  somewhat  produced;  ventral 
margin  convex;  dorsal  margin  gradually  descending  to  a  blunt 
termination;  beaks  large,  depressed,  apparently  somewhat  incurved; 
shell  convex,  most  so  a  short  distance  below  the  beaks,  whence  the 
sides  slope  rapidly  to  the  ventral  margin ;  surface  with  numerous 
close,,  thin,  concentric  lines,  which  here  and  there  show  traces  of 
granulation. 

Locality. — ^Lower  Limestone  series  of  Midlothian,  at  Cousland, 
near  Edinburgh.  The  surface  of  the  shell  is  much  worn,  but  with 
a  good  lens  traces  of  the  granulation  can  be  detected.  This  would 
still  further  tend  to  ally  it  with  Myadtes. 


V. — On  a  New  Method  of  Wbiting  Cbtstallogbaphic  Fobmuks.* 
By  F&ANK  RuTLBY,  F.G.S.,  Geological  Survey  of  England  and  Wales. 

CRYSTALLOGRAPHIC,  Kke  all  other  formulsB,  are  simply 
short-hand  methods  of  describing  that  which  could  otherwise 
only  be  rendered  intelligible  by  the  expenditure  of  many  words, 
and,  in  type,  by  considerable  waste  of  space.  Anything,  therefore, 
which  tends  to  simplify  and  contract  formulaa,  without  diminishing 
the  amount  of  information  which  they  convey,  must  necessarily  be 
advantageous.  The  different  systems  of  notation  used  at  the  present 
time  by  eminent  crystallograpbers  render  the  comprehension  of 
their  formulad  somewhat  difficult  to  the  student;  and  it  would  doubt- 
less be  productive  of  much  satisfaction  if  a  universal  system  of 
crystallographic  notation  could  be  adopted. 

The  method  which  1  am  about  to  describe  will,  I  think,  be  found 
to  fulfil  all  ordinary  requirements,  and  might,  if  adopted,  save  time 
and  space,  aAd  likewise  diminish  some  of  the  difficulty  experienced 
by  the  student.  The  symbols  which  I  propose  to  use  present,  so  far 
as  I  can  see,  no  obstacle  to  the  accurate  rendering  of  any  formula, 

^  The  system  of  notation  adopted  by  Prof.  Dana  is  certainly  as  brief  as  the  one 
now  proposed,  but  does  not  appear  to  me  to  be  so  explicit. 
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and  convey  as  much  information  as  the  moze  lengthy  onea  ^vUbh 
'are  now  in  use.  I  would,  however,  wiah  those  better  qualified  than 
myself  to  form  their  judgment  upon  these  points,  and  merely  avbrnit 
this  system  to  them  in  the  hope  that  its  simplicity  may  oonimend  it, 
and  tliat,  by  trial,  they  may  remedy  any  defepts  by  devising  some 
more  simple  and  better  method. 

In  writing  the  formula  for  any  £GLce  of  a  crystal,  I  pr(^>ose  first  to 
draw  a  horizontal  line  or  bar,  which  may  be  termed  the  eomtnoii  or 
holohedral  bar,  thus  — *;  while  to  indicate  hemihedral  forms  one 
end  of  the  bar  may  be  curved,  thus  ^».  Any  axis  cut  at  a  normal 
distance  may  be  represented  by  a  short  vertical  line  joined  beneath  to 
the  common  bar,  thus  m^ .  For  example,  in  the  regular  octahedron  all 
three  axes  are  cut  at  normal  distances,  and  the  symbol  would  conse- 
quently be  nr .  In  this  case  the  old  symbol  O  is  more  simple,  but  the 
advantages  of  this  system  will  become  more  apparent  as  we  proceed. 

The  next  innovation  which  I  propose  is  to  use  a  dot  in  place  of 
the  old  symbol  for  infinity.  The  formula  for  the  cube  would  Uiere- 
fore  be  '"■^  instead  of  the  old  symbol  oo  0  oo  used  by  Naumann,  and 
the  Rhombic  Dodecahedron  would  in  like  manner  be  represented  by 
'or .  It  will  now  be  seen  that  by  this  method  the  beginner  hais 
the  advantage  of  noting  at  a  glance  the  munber  of  cut  and  uncut 
axes.  The  conventional  distances  m  and  n  are  represented  by  a 
prolonged  vertical  cross  line  for  the  former  -|">  cuid  by  a  curved  line 
for  the  latter,  thus  »f .  So  that  the  Hexakis  Octahedron  mOa  of 
Naumann  would  be  represented  by  •lif .  If  it  be  necessary  to  express 
the  linear  values  of  m  and  n,  then  the  formula  may  be  written  -j-j^f 
which  would  represent  a  Hexakis  Octahedron,  any  face  of  which 
intersects  one  parameter  of  normal  length,  and  would,  if  produced, 
cut  a  second  of  triple  that  length,  and  a  third  of  one  and  a  half 
times  the  length  of  the  normal  parameter.  In  open  forms  the  basal 
plane  may  he  conveniently  represented  by  #  ,  which  should  be  placed 
over  the  mark  which  represents  the  axis  cut  by  that  plane  :  thus  the 
Tetragonal  Prism  would  be  -iirj  and  the  Right  Rhombic  Prism  would 
also  be  represented  by  the  same  symbol.  The  Hexagonal  prism 
would  differ  in  having  an  additional  infinity-dot  affixed,  thus  In;,  to 
show  that  there  is  a  fourth  axis  which  is  unavailable  for  the  in- 
dividual face  formularized.  The  Rhombohedron  would  be  repre- 
sented by  VhTo  because  each  face  concerns  four  parameters ;  while  the 
Scalenohedron  would  be  Si€  • 

In  the  Rhombic  system  Macropinakoids  would  be  Hqrr  instead 

of  00  P  00,  and  Brachypinakoids  -^  instead  of  oo  P  oo  of  Naumann 
and  the  "  t  "s  employed  by  Dana.^ 

In  the  Monoclinic  system  a  slanting  lino  indicates  the  clino- 
diagonal,  and  the  obHque  rhombic  pyramid  and  prism  would  there- 
fore be  w  and  4b ;  while  the  oblique  rectangular  pyramid  would 
IT?  and  TT/y  the  disconnected  slanting  dash  being  used  instead  of  a 
dot  to  show  that  the  clino-pyramidal  faces  do  not  cut  the  clino- 
diagonal.     The  oblique  Rectangular  prism  will  be  ^jyT  and  itrt  the 


^  The  ordinary  sjinbol  in  Naamann*s  notation,  P,  does  not  show  the  relation  of 
each  face  of  the  hexagonal  pyramid  to  the  3rd  lateral  axis. 
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former  for  the  orliho-  and  the  latter  for  the  clino-pinakoicL  In  the 
Tridinio  wys^eaa  all  the  axes  are  slanted,  and  the  symbols  would  be 
written  T^ra  for  the  upper  right  posterior  and  lower  left  anterior 
faces  of  the  doubly-oblique  rhombic  pyramid,  y^rh  for  the  upper 
r^ht  anterior  and  lower  left  posterior  faoes,  y^  e  for  the  lower  right 
posterior  and  upper  left  anterior,  eto. ;  while  for  the  corresponding 
prism  we  should  have  ff^a  ffT^  etc 

The  following  lists,  with  the  formulsd  of  Naumann  placed  opposite, 
will,  I  think,  svdficiently  explain  all  that  requires  explanation : 


CMe  SyaUm, 

Sexoffondl  SffiUm, 

Monoelime  8y$Um. 

wr  0 

m  P 

nr        P 

^ar  QoOoo 

«ir.  ooP+OP 

.3^             OoP+OP 

ttt  <x>0 

•Ml  mPn 

vy&m  iPQo+j?Qo 

lif  mO 

S,e  ooPn+OP 

•i>7.&Tir  ooiPoo  +00  J?QO  +0P 

■M  mOm 

VnrB 

1*ooOn 

H*l  mKtt 

lHaini6  SytUm, 

•M  mOn 

-■•^* 

y^rahcd  ;p; 

^^^^^ 

fjyabcd  oo;p;+OP 

•■•    t 

m^M    mOm 

fir    t 

Bhambic  8y$tm. 

vr          P 

TitroffOfuU  SffiUm, 

Hir  V 

— ■  ^  mOn 

^           ooP+OP 
flr&lfrPoo  +  PQO 

ve  P 

4gf  ooP  +  OP 

•^U  • oa 

•i9*&w  00  Poo +00  Poo 

««•  mPn 

M  A""] 

fir&iSPa5+Poo 

%(  ooPn  +  OP 

fc    • 

INDEX  OF  SIGNS. 

—    Common  bar. 

C-          „          „     (Hemihedral). 

TT     An 

axis  cut  normally. 

99 


99 


>» 


tf 


» 


»l 


>» 


>l 


ft 


at  m. 
„  n. 
passing  uncut  to  infinity, 
inclined  axis  passing  uncut  to  infinity. 
Common  bar  of  Macropinakoid  and  Macrodome. 
j^  „  „      Brachypinakoid  and  Brachydome. 

TT    A  clino-diagonal  cut. 

•     A  basal  plane. 
*-^    An  axis  lying  at  infinity  to  the  particular  face  described  and 

not  cut  by  any  plane  dissimilar  to  that  face. 
•^    An  axis  cut  at  an  abnormal  distance  and  not  concerned  in 
the  formula. 

VI. — On  a  Carbonipebous  Genus  of  Echinodbbms  with 

OvEBLAPPiNG  Plates. 

By  John  Young, 

of  the  Hunterian  Museum,  College,  Glasgow. 

A  ITER  reading  the  review  of  Prof.Wy  ville  Thomson's  "  Depths 
of  the  Sea,"  in  the  May  Number  of  the  Gsol.  Mag.,  in  which 
a  figure  and  short  description  are  given  of  a  new  living  Echinoderm, 
which  Prof.  Thomson  has  named   Colveria  htjstrix,  oiis^  oi  ^\i»«^ 
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peculiar  features  lies  in  its  possesBing  overlapping  plates,  it  maj  be 
interesting  to  readers  of  the  Magazine  to  know  that  besides  the 
other  species  with  overlapping  plates  noticed  in  the  above-mentioned 
review,  there  were  Echinoderms  having  their  plates  arranged  on  the 
same  plan  as  long  ago  as  the  Lower  Carboniferoos  Limestone  period. 
Those  to  which  I  specially  refer  belong  to  the  genus  Arclueoeidaau, 

The  remains  of  one  or  two  species  of  this  genus  are  not  un- 
common in  the  limestone  shales  of  the  Scottish  Coalfield,  and  in 
some  localities,  such  as  Craigenglen,  near  Campsie,  the  whole  of  the 
parts  composing  the  organism  may  be  collected  in  a  fine  state  of 
preservation,  although  disconnected.  Having,  for  a  considerable 
number  of  years,  paid  attention  to  collecting  the  remains  of  ArduBo- 
cidaris,  I  am  now  in  a  position  to  show,  from  numerous  well- 
preserved  ambulacral  and  inter-ambulacral  plates,  that  their  edges 
did  not  abut  or  join  square  end  to  end,  like  the  plates  of  other 
normal  species  of  Echini  or  CidaridtB,  but  must  have  overlapped  or 
imbricated  each  other  to  a  certain  exteut — a  feature  easily  recognis- 
able upon  the  edges  of  many  of  the  plates. 

I  had  long  ago  observed  the  peculiar  character  of  the  bevelled 
edges  of  the  plates  in  Archaoctdaris,  but  could  never  understand 
their  significance  until  I  read  the  description  and  saw  the  arrange- 
ment of  the  plates  in  Calceria  hysirix.  I  have  now  no  doubt  that 
those  of  ArchaocidartB  were  arranged  on  a  somewhat  similar  plan. 
It  is  not  my  intention  to  enter  here  upon  a  description  of  all  the 
various  parts  of  Arclideocidaris  that  have  been  found,  but  I  may 
briefly  state  that,  besides  the  teeth  of  two  very  distinct  species,  I 
have  found  nearly  all  the  portions  of  the  lantern  or  dental  apparatus, 
the  various  forms  of  plates  composing  the  test,  together  with  the 
largo  primary  and  smaller  secondary  spines.  These  wo  find  in  a 
condition  in  which  all  their  articulating  surfaces  can  be  examined. 

It  appears  that  only  the  larger  spines  and  plates  of  Archaocidaris 
were  known  to  IVof.  McCoy,  who  was  the  first  to  point  out  its 
generic  characteristics,  but  he  does  not  seem  to  have  noticed  the  thin 
bevelled  edges  upon  any  of  the  inter-ambulacral  plates  which  he 
describes.  These,  as  he  states,  are  of  two  kinds — a  pentagonal  and 
hexfigonal  series,  which  must  have  been  arranged  in  the  test  in  three 
or  more  rows.  In  this  they  differ  from  all  Mesozoic  and  recent 
forms  of  Cidaridtey  which  have  only  two  rows.  The  large  oblong 
pentagonal  plates  have  two  of  the  sides  bevelled  from  above,  the 
opposite  side  being  bevelled  on  the  lower  edge.  I  have  also  observed 
in  the  same  plates  that  one  of  the  other  two  sides  has  a  small  groove 
in  which  the  edge  of  the  next  plate  was  received.  Probably  this 
was  an  arrangement  to  retain  the  plates  in  proper  position  during 
elevation  and  depression  of  the  tcst^  The  ambulacral  plates  are 
small,  scale-like,  and  thinning  from  the  middle  towards  their  edges. 
They  are  of  irregular  form,  and  vary  from  ^  to  yig.  inch  in  breadth. 
In  the  centre  of  each  plate  there  are  a  pair  of  small  pores  which  are 
placed  in  the  middle  of  a  slight  oval  depression.  Most  of  them  are 
ornamented  with  one  or  two  small  tubercles,  which  probably  bore 
minute  spines.  Along  with  the  ambulacral  are  to  be  found  numerous 
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oUier  small  plates  which  oannot  be  distingaished  from  the  former 
either  in  size  or  form.  These,  however,  possess  no  pores;  and 
whether  they  were  arranged  alternately  with  the  poriferous  plates^ 
or  formed  part  of  the  base  or  summit  of  the  test,  it  is  impossible  to 
determine  in  their  disjointed  condition.  Both  sets  show  the  over- 
lapped portion  of  the  plate  very  distinctly.  The  plates  of  Archao- 
eidartM  are  thinner  than  similar  plates  in  other  species  of  Cidarida 
oonstructed  upon  the  normal  plan.  This  feature,  taken  along  with 
the  overlapping  characteristics  of  the  plates,  may  have  given  more 
flexibility  to  the  test,  like  that  observed  in  Calverick,  If  this  were 
the  case,  and  the  plates  held  loosely  together  in  the  living  animal,  it 
may  help  to  explain  how  very  seldom  it  is  that  we  find  a  specimen 
preserved  with  all  its  parts  in  position. 

Sections  of  the  larger  spines  of  Archwocidaris,  which  I  have 
recently  prepared,  show  that  they  were  tubular,  the  hollow  interior, 
now  filled  with  carbonate  of  lime,  being  a  quarter  of  the  diameter 
of  the  spine.  In  this  other  characteristic  it  also  agrees  with  the 
DiadematidcB  and  the  other  species  with  overlapping  plates  noticed 
in  the  Magazine. 

Vll. — On  the  Occttbrsnoe  of  Lead,  Zino,  and  Iron  Obss  in  soice 
Bocks  of  Carboniferous  Age  in  the  North-west  of  England. 

By  Charles  E.  Db  Bamce,  F.G.S.  ; 
of  the  Geological  Survey  of  England. 

{Concluded  from  the  Ftbruaty  dumber ^  p,  74.) 

PART  II. 

East  Oumherland. — In  the  Cross  Fell  and  Alston  Moor  district  the 
Mountain  Limestone  is  split  up  into  numerous  beds  of  limestone, 
sandstone,  and  shale,  the  thickness  and  character  of  which  are  well 
known  through  the  local  names  given  to  each  horizon  by  the  miner,  and 
from  the  writings  of  Messrs.  Westgarth  Forster,  Sopwith,  and  Wallace. 

The  chief  limestones  in  the  Alston  Moor  district,  down  to  the 
Great  Whin  Sill,  a  sheet  of  probably  intrusive  basalt,  are  the  Little 
Limestone  (20  feet  below  which  are  two  Coal-seams,  18  and  12  inches 
thick  respectively) ;  the  Tumblers  or  Great  Limestone,  about  70  feet 
thick ;  the  Scar  Limestone  about  30  feet ;  and  the  Cockleshell 
Limestone  about  18  inches,  full  of  Productus;  the  Tyne-bottom 
Limestone,  about  24  feet,  resting  on  a  shaly  bed,  which  occasionally 
has  a  thin  coal,  which  at  Smitter  Gill  I  found  to  be  turned  into  an 
impure  graphite,  resting  on  the  Great  Whin  Sill,  which  at  Tynehead 
is  110  feet,  but  at  Providence  vein  on  the  Tees  considerably  thinner. 
Of  the  Alston  Moor  beds,  about  200  feet  consist  of  limestone,  350  of 
sandstone,  and  520  of  shale ;  some  of  the  latter  beds  are  extremely 
well  characterized,  and  maintain  their  thickness  over  a  large  area, 
like  the  Tyne-bottom  plate,  only  50  feet  in  thickness,  overlying  the 
Tyne-bottom  Limestone.  There  are  several  limestones  below  the 
Great  Whin  Sill,  extending  through  some  900  Yeet  of  measures, 
the  chief  of  which  is  the  Jew  and  the  Melmerby  Scar  Limestone, 
124  feet  in  thickness. 

The  very  remarkable  fault  known  as  the  "  Great  Sulphur  Vein  " 
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traverses  the  oonntiy  about  W.  and  W^.W.  for  a  distance  of  nearly 
eight  miles  from  Hard  Bigg  Edge,  Helmexhj  Fell,  (where  it  ter- 
minates against  a  S.W.  fiiolt)  to  the  neigfabomhood  of  Bomhope 
Seat,  on  the  borders  of  Dorham,  where  it  spreads  into  a  number  of 
strings,  which  unite  near  Hiddenhole  Mine.  FoUowing  its  coune 
westwards  it  crosses  a  vein  which  has  been  worked  in  the  Sir  John'i 
Mine.  In  the  high  level  of  this  mine  the  miners,  after  penetrstiDg 
the  Sulphur  Vein,  which  was  no  less  than  180  feet  in  width,  found 
the  Sir  John's  vein  on  the  opposite  side,  shifted  20  fiithoms.  lluf 
high  level  is  driven  on  the  north  side  of  the  Sulphur  Vein,  in  the 
plate  overlying  the  Scar  Limestone,  while  on  the  south  side  it  is  in 
the  plate  under  the  Cockleshell  Limestone,  indicating  a  throw  of 
more  than  100  feet  to  the  north.  A  little  further  west,  the  Sulphur 
Vein  is  well  seen  on  the  banks  of  the  South  Tyne,  just  below  the 
Tynehead  Smelt  Mill,  which  is  buOt  on  the  Great  Whin  Sill,  through 
which  the  river  has  cut  a  narrow  gorge,  terminating  in  a  waterfiJl 
about  46  feet  high,  the  base  of  the  Whin  Sill,  abutting  against  the 
Sulphur  Vein,  which  on  the  north  side  throws  in  the  Tyne-bottom 
Limestone,  which  again  forms  the  bed  of  the  river. 

The  vein  is  found  to  be  mainly  made  up  of  iron  pyrites  in  a  quartz 
matrix,  with  hero  and  there  large  masses  of  the  magnetic  form — 
pyrrhotine,  the  latter  was  found  to  contain  on  assay  small  quantities 
of  nickel  and  a  trace  of  cobalt,  and  the  fonner,  assayed  with  the 
quartz  matrix,  about  40  per  cent  of  sulphur. 

The  low-level  in  Sir  John's  Mine  is  also  driven  through  the 
Sulphur  Vein,  which  there  was  found  to  consist  of  enormous  masses 
of  iron  pyrites,  with  some  copper.  The  latter  mineral  occurs  in  the 
Sir  John's  and  in  several  other  veins  in  Tynehead  in  the  strata 
ranging  from  the  top  of  the  Scar  Limestone  to  the  top  of  the  Tyne- 
bottom  Limestone,  but  more  particularly  in  the  beds  known  as  the 
Coj^per  hazles,  no  less  than  IGOO  tons  of  copper  having  been  raised 
from  the  Sir  John's  Vein  alone  since  1811. 

West  of  the  Tyne  the  Sulphur  Vein  crosses  the  hill  called  Noon- 
stones,  where  it  consists  entirely  of  pure  white  quartz ;  descending 
tJie  hill,  it  is  found  in  Cross  Gill,  where  it  was  once,  I  believe, 
worked  for  a  short  time  for  gold;  it  consists  of  brown-stained 
quartz  with  ordinary  and  magnetic  iron  pyrites. 

Still  further  west  it  was  met  "with  in  the  large  mine  at  Smitter 
Gill,  now  abandoned,  where  many  lumps  of  pyrrhotine  may  be  seen 
lying  on  the  refuse  heaps,  with  fluor  and  other  lode  stuff  derived 
from  the  lead  lode. 

Over  the  whole  of  these  moors,  and  at  the  top  of  the  *  Mehnerby 
Scar  Limestone,'  occur  many  poor  lead  lodes,  since  abandoned, 
ranging  a  little  north  of  E.X.E.,  nearly  all  of  which,  even  in  the 
thin  limestones  on  the  escarpment  under  the  '  Melmerby  Scar,'  on 
becoming  unproductive  of  lead,  bear  brown  oxide  of  iron.  The 
increased  value  during  the  last  two  years  has  caused  these  lodes 
Xf)  bo  actively  sought  for.  The  nortli  and  south  cross  veins  appear 
to  1x3  tlie  poorest,  and  do  not  bear  iron,  more  than  lead  above  the 
Great  Limestone. 
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South  of  the  Solpht&r  Vein  the  Sir  John's  and  dargill  Head  Old 
Veins  have  yielded  a  good  deal  of  lead  in  the  Hiddenhole  Mine ; 
and  east  of  Slaok'a  Bigg,  the  fonner  vein  was  worked  in  the  bottom 
of  the  Scar  Limestoney  which,  though  saturated  with  ¥^ter  and  much 
iron-stainedy  contains  no  iron-ore,  which  in  poor  lodes  takes  the  place 
of  the  Cornish  Gk>S8ans,  and  in  those  portions  of  the  lead  and  copper 
lodes  that  are  almost  wholly  unproductive  of  these  metals,  fills  the 
whde  fissure  of  the  lode  of  6,  8,  and  even  10  feet  in  width,  the 
limonite  consisting  of  laminated  stripes  of  different  colours,  the 
]aminff?»  running  in  waving  curves  parallel  to  the  sides  of  the  lodes. 

North  of  the  Sulphur  Vein,  Sir  John's  Vein,  worked  at  Stow 
Cragg,  Lee  House,  and  other  Mines,  has  yielded  considerable  quan- 
tities of  lead  from  the  limestones,  and  copper  from  the  sandstones, 
and  in  a  portion  of  the  lode  the  lead  and  copper  are  blended 
t<^ther.  The  back  of  the  lode,  both  in  the  copper  and  lead  portion, 
consists  of  hydrated  per-oxide  of  iron,  with  veins  of  carbonate  of 
lime.  On  the  other  side  of  the  Sulphur  Vein,  the  Sir  John's  and 
other  veins  parallel  to  it,  especially  High  Tyne  Green,  Dosey,  and 
Ladies  Veins,  are  not  very  richly  productive  of  lead  or  copper  along  a 
belt  of  country  running  through  Bel  Beaver  to  Tees,  in  a  south-easterly 
direction,  the  whole  lode  being  entirely  made  up  of  the  hydrated 
per-oxide  of  iron,  to  the  exclusion  of  all  foreign  material.  The  various 
levels  driven  into  the  hill-side,  on  the  east  side  of  the  South  Tyne  and 
the  col  in  which  it  takes  its  source,  up  to  the  river  Tees,  after  passing 
through  the  lead  belt,  have  cut  into  higher  rocks  productive  only  of 
iron.  At  the  time  these  levels  were  driven  iron-ore  of  this  descrip- 
tion was  of  little  value,  and  heaps  of  it  have  been  left  around,  the 
numbers  of  small  shafts  sunk  in  the  course  of  the  lodes,  to  extract 
the  small  portion  of  lead  occurring  here  and  there  in  the  centre  of 
the  iron  gangue. 

The  iron  ore  in  these  refuse  heaps  is  generally  light  and  honey- 
combed, with  interstices  in  every  direction ;  these  I  found,  by  analyses 
kindly  communicated  to  me  by  Lieut-Colonel  A.  M.  Byng,  to  be  due 
to  the  wasting  away  of  the  alumina  and  carbonate  of  lime,  throup^h 
the  wash  of  rain  and  atmospheric  action  during  the  last  60  or  70 
years.  The  amount  of  metallic  iron  in  specimens  I  procured  from 
the  lodes  at  a  considerable  depth  at  the  forebreast  of  the  old  lead 
levels  both  at  Tyne  Green  and  under  the  summit  of  Cross  Fell,  only 
averaging  33  ppr  cent.,  while  some  of  the  ore  from  the  heaps  of 
debris  averaged  44  per  cent,  of  metallic  iron,  the  iron  ore  being  8  feet 
in  width,  the  walls  containing  a  very  large  quantity  of  fluor :  east- 
ward on  the  Derwentwater  estates  of  Greenwich  Hospital,  the  iron  is 
not  present  in  this  lode. 

Traced  eastward  the  iron  in  Sir  John's  and  Tyne  Green  veins 
becomes  rather  siliceous,  but  parallel  lodes  in  the  adjacent  manor  of 
the  Duke  of  Cleveland  yield  good  brown  per-oxide  of  iron,  which  is 
being  accumulated  in  great  heaps  against  the  day  when  Middleton 
and  Alston  shall  be  joined  by  a  railway. 

A  small  W.N.W.  anticlinal  peases  south  of  Bel  Beaver,  at  John's 
Bum,  west  of  Crookbum  Bridge,  on  the  Middleton  road  ;  the  water 
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travels  throagh  a  snbterranean  channeL  the  limestone  dipping  ^  to 
N.W. ;  two  small  lead  lodes  cross  the  beck,  in  which  no  iron  wai 
nbservable.  Below  the  junction  of  John's  with  Crookbnin,  ths 
bar  of  limestone  is  seen,  resting  on  sandstone;  the  former  is  ovolaid, 
a  little  lower  down,  bv  30  feet  of  Bonlder-clay,  at  a  height  of  1770 
feet  above  the  sea.  Beaching  and  ascending  the  Tees,  the  Tea 
Metal  Band  Mine  is  passed,  where  the  snrface  of  the  limestone  ii 
covered  with  a  curious  enamel  of  brown  oxide  of  iron  and  man- 
ganese. The  lode  stuff  in  the  adjacent  Providence  Mine  is  veiy 
beautiful,  consisting  of  crystals  of  gedena,  blende,  and  galena,  with  • 
breccia  of  broken  banded  chert  pebbles  set  in  quartz ;  no  iron  oocnn 
here,  but  the  lode  was  rich  in  lead,  much  of  which  probably  still 
remains  in  the  mine,  the  miners  not  having  been  able,  with  the  exist- 
ing machinery,  to  contend  with  the  water — which  drains  in  from 
the  Tees. 

A  good  exposure  of  the  Whin  Sill  is  seen  in  the  Sonth  Tyne, 
around  the  Tync  Head  Smelting  Mill,  at  an  elevation  of  from  1500 
to  1560  feet  on  both  sides  of  the  river,  which  has  cut  a  narrow 
gorge.  On  the  west  side  of  the  South  Tyne  the  basalt  is  capped  hj 
a  cliff  of  stiff  bluish-coloured  Boulder-clay  about  40  feet  in  height, 
containing  a  great  number  of  scratched  stones  and  boulders,  but  few 
of  great  sisse,  and,  as  far  as  I  saw.,  none  of  erratic  origin. 

AlK)ve  tho  basaltic  section,  but  below  Calvert  Fold,  Black  Shale 
and  plates  below  the  Scar  Limestone  is  well  seen,  dipping  N.K  at 
Vl%  and  then  X.X.W.  at  5^.  Shale  and  plate  are  seen  in  the  road 
noar  Tyne  (jreen  Mines  {5^  to  N.W.),  and  at  Ladies  Vein  the  Four 
Fathom  Limestone  rests  on  a  grit,  from  which  a  large  specimen  of 
Sigillaria  was  procured.  On  the  slope  of  the  Fell  above,  below 
Bel  Beaver  Bigg,  occur  thick  Black  Shales  over  the  Scar  Limestones, 
dip[)ing  S.K.  at  5°,  with  numerous  ironstone  Septaria,  with  38  per 
cent,  of  metallic  iron. 

Tho  nodules  of  carbonate  of  iron  occurring  in  the  shales  of  these 
limestones,  like  tho  nodules  of  earthy  iron  ore  in  the  Yoredale  Shales 
of  Lancashire,  appear  to  have  a  similar  origin  to  that  adduced  by 
Sir  H.  do  la  Beche,  from  the  experiments  of  Mr.  Hunt,  F.R.S.,^  to 
account  for  those  in  the  Coal-measures,  viz.  that  the  decomposition  of 
vegetable  matter  prevents  the  further  oxidation  of  the  proto-salts  of 
iron,  and  converts  tho  per-oxide  into  the  proto-oxide  "  by  taking  a 
portion  of  its  oxygen  to  form  carbonic  acid."  The  presence  of 
Sigillaria  in  the  shales  of  Ladies  Vein,  Tynehead,  and  the  occasional 
fragments  of  ferns,  prove  that  decomposition  of  vegetable  matter 
must  have  gone  on  forming  carbonic  acid,  which,  mixing  with  the 
water,  would  spread  over  local  areas,  which  "meeting  with  the 
proto-oxide  of  iron  in  solution,"  would  unite  with  it  and  form  a  car- 
bonate, mingling  with  the  mud;  and  that  impure  beds  either  of 
carbonate  of  iron  or  lime  would  be  thrown  down,  "  according  as  the 
matter  deposited  from  solution  exceeded  that  thrown  down  from  me- 
chanical suspension,"  and  both  would  form  nodules  when  supplies 
of  carbonates  were  short. 

>  Mem.  Geol.  Stinr.,  toI.  i.  p.  186,  London,  1846. 
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In  some  of  the  nodules,  cracks  radiating  from  the  centre  have  been 
filled  with  galena  and  iron  pyrites ;  those  metals  would  appear  to 
have  been  introduced  in  a  soluble  state  after  the  formation  of  the 
cracks. 

In  the  adjoining  district  of  Weardale,  in  Durham,  Spathic  iron 
ores  occur,  in  a  similar  manner,  in  lodes  associated  with  lead  and  zino 
ores  traversing  the  Mountain  Limestone ;  the  higher  part  of  these 
lodes  are  often  found  to  be  changed  into  brown  hsBmatite  by  the 
ondation  effected  by  air,  and  the  percolation  of  water  from  above, 
which  transmutation  is  found  to  descend  for  a  considerable  distance 
in  the  Spathic  lodes  of  the  Middle  Devonian  of  North  Devon  and 
Somerset,,  described  by  Mr.  Hilary  Bauerman ;  ^  and  similarly  large 
crystals  frcMn  Hiittenberg,  in  Carinthia,  in  the  Museum  of  Practical 
Geology,,  exhibit  the  same  change  from  ''the  elimination  of  car- 
bonic acid,  and  the  absorption  of  oxygen  and  water,"  * — a  like  change 
having  superficially  converted  crystals  of  iron  pyrites  "into  brown 
iron  ore,  by  the  dimination  of  sulphur  and  the  addition  of  oxygen 
and  water."' 

By  a  similar  process,  sulphide  of  lead  and  blende,  exposed  to  the 
influence  of  waters  charged  with  bicarbonate  of  lime,  becomes  super- 
ficially converted  into  carbonates,  which  is  the  case  with  lead  left  in 
several  levels  driven  at  the  commencement  of  the  present  century 
in  Tynehead,  especially  in  the  higher  levels,  water  gradually  losing 
its  power  of  assisting  the  change  from  carbonate  of  iron  to  brown 
oxide,  and  of  sulphide  of  lead  arid  blende  to  carbonate,  in  proportion 
to  the  depth  traversed,  the  oxygen  probably  having  been  taken  up 
by  the  proto-oxides  of  iron  in  the  shale,,  as  suggested  by  Prof.  Rogers, 
and  Mr.  Wallace,  in  his  work  on  the  Veins  of  Alston  Moor. 

In  that  work  he  describes  the  large  quantities  of  carbonic  acid  often 
found  in  levels  driven  through  shale  in  that  country,  and  particularly 
the  difficulty  of  contending  with  it  at  Long  Clough  Mine,  Nenthead, 
where  in  making  "a  rise"  to  the  surface,  from  the  level,  a  seam  of 
water  charged  with  carbonic  acid  gas  was  met,  which,  when  bored 
into  from  above,  ran  down  the  rise  with  a  constant  flow  of  water 
and  gas.  Mr.  Wallace  throws  out  the  suggestion  that  the  latter  may 
be  derived  from  the  decomposition  of  overlying  peat,  but  as  it  so 
often  fills  the  cavern  connected  with  the  "  flats  "  of  the  Great  Lime- 
stone* and  as  I  found  it  to  occur  suddenly  in  the  main  adit  level  of 
the  Whitewell  Mine  in  Yorkshire,  through  which  there  is  perfect 
ventilation,  it  would  appear  to  be  more  probable,  that  it  is  due  to 
chemical  change  going  on  in  the  adjacent  rocks,  possibly  the  action 
of  sour  peat  waters  in  limestone. 

Many  of  the  caverns  in  which  occur  the  "  flats  "  of  this  district 
appear  to  have  been  eaten  out  by  the  action  of  acidulated  waters, 
acting  along  lines  of  joints  unconnected  with  faults,  rather  than- 
by  a  run  of  water,  it  being  only  certain  beds,,  as  the  Great,  Scar  and 
Ijne-bottom  Limestones  that  readily  decompose,  and  form  these 

1  Hetallarey  of  Iron,  third  edition,  1872,  p.  80. 

*  Hont  and  Bndler,  Descriptiye  Guide  to  the  MoBenm  of  Practical  Geologj,  Third 
edition,  p.  84.  »  Op.  ciL,  p.  94. 
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flats  of  lead,  which  have  mach  in  oommon  with  the  great  sops  of 
red  haematite  occuTring  in  roughly  N.  W.  and  S.  £.  lines  in  the 
Carbouiferous  Limestone  of  Fomess. 

]^Ir.  Wallace  notices  the  fact  that  there  are  more  joints  in  Alston 
Moor  in  the  limestones  than  in  the  sandstones,  and  more  in  them 
than  in  the  shales,  and  that  the  joints  cease  in  depth;  this  I  found 
to  bo  the  case  over  this  area,  bat  there  are  certainiy  as  many  joints 
in  the  Millstone  Grits  east  of  Chorley  in  Lancadiire  (where  tbe 
master  joint  often  runs  parallel  to  a  fault)  as  in  the  ItmeatimeB  of 
Tynchead.  His  observations  as  to  their  ceasing  in  depth  I  have 
noticed  to  be  characteristic  of  joints  in  most  formations.  I  had 
opportunities  of  corroborating  his  statement  that  joints  filled  with 
clay,  often  cross  '  flats/  both  empty,  and  filled  with  load,  and  are 
certainly  of  later  origin  than  the  formation  and  infilling  of  the  flats. 

At  Ashgill  Mine  both  the  veins  and  the  flats  contain  oxide  of  iron, 
so  that  the  introduction  of  the  iron  into  the  lodes  of  this  district  is 
probably  of  older  date  than  the  formation  of  the  joints,  the  tops  of 
which  are  covered  near  the  Smolt  Mill  with  Boulder-clay,  but  the 
clay  found  in  the  joints,  like  that  in  some  lodes,  appears  to  have  been 
derived  from  the  decomposition  of  limestone  shales,  or  of  beds  like 
the  pottery  clay  of  Bel  Beaver,  associated  with  the  thin  ooals,  ftom 
which  clay  bottles  and  pipes  were  formerly  made. 

Ashgill  Mine  is  remarkable  for  the  lode  being  rich  below  the 
Great  Limestone,  though  poor  in  that  bed,  which  yielded  in  Alston 
Moor,  according  to  Mr.  Sop  with,  F.R.S.,  14,397  tons,  while  no  other 
1)(m1  furnished  more  than  500  during  three  years ;  and  which  bed  I 
believe  to  bo  the  same  as  the  12-fathom  of  Yorkshire  described  in 
the  curly  part  of  these  notes. 

The  Little  Limestone  appears  to  be  the  highest  rock  in  which 
zinc  occurs  in  Alston  Moor,  descending  to  the  base  of  the  Great 
Limestone.  In  the  Coal  Sills  and  Little  Limestone  it  is  associated 
with  oxide  of  iron,  and  at  Guddamgill  Bum  this  limestone  is 
turned  into  a  carbonate  of  iron,  which  is  also  the  case  with  the 
Fol  I  Top  Limestone  at  Rampgill  vein :  much  carbonate  of  iron  is 
prosoiit  in  the  basalt  of  Tyne-bottom  Mines,  which  I  found  to 
oxMize  on  exposure  to  the  air,  which  is  again  the  caso  with  strings 
of  iron  in  the  Whin  Sill  of  tho  Tees,  and  tho  siliceous  lodes  in  the 
Wliin  Sill  of  Tynehead. 

Sulphate  of  Barytes  occurs  plentifully  in  the  numerous  small  and 
poorly  productive  lodes  intersecting,  and  often  slightly  faulting,  the 
west  ward  escarpments  of  Cross  Fell:  it  is  here  associated  with 
gal « Mia  and  fluor;  the  latter  occurs  plentifully  in  tho  east  and  west 
lodos,  between  Cross  Fell  and  and  tho  South  Tyne,  but  I  failed  to 
find  any  in  the  Great  Sulphur  Vein. 

l^>vi(;wing  the  evidence  afforded  by  this  district,  it  would  appear 
that  Uxlcs  running  in  all  directions  are  at  times  productive  of  iron, 
in  all  limestones,  from  the  lowest  to  tbe  highest,  but  that  the  Tyne- 
bottom,  Scar  and  Great  Limestones  are  the  most  productive.  Lead 
occurs  in  all  tho  limestones,  from  the  Melmerby  Scar  upwards,  and  in 
many  sandstones,  but  it  is  quite  possible  tliat  the  poorness  of  the  lower 


NotieeB  of  Memoin^Pirdf.  Niehobm  m  Palwozoie  Worms.     309 

beds  is  doe  as  mnoh  to  their  tuxfaYOurable  position,  as  to  the  percola- 
tiOD  of  water  &(»n  only  cropping  at  the  escarpment  of  Cross  FelL 
Sno  ranges  from  the  Little  limestone  down  to  the  base  of  the 
Oreat  Limestone.  Copper  from  the  ia^  of  the  Soar  to  the  top  of 
the  Ty^ebottom  Limestones,  especially  in  the  copper  hades.  Lastly, 
the  greats:  the  inward  dip^  the  larger  the  supply  of  metaL 


L — OoNTSiBunoKs  TO  TBS  Stuot  of  thb  Ebbaht  AnKklidss  of 
THS  Older  Pal2Bozoio  Books.  By  H.  Alleyns  Nicholson, 
M.D.,  D.So.,  M.A.,  Ph.D.,  F.B.S.R,  Professor  of  Natural 
History  in  Universi^  College,  Toronto.  [Proceedii^  of  the 
Boyal  Society,  May  8th,  1873.} 

rthis  communication  the  author  endeavours  to  elucidate  the 
abundant  and  obscure  Organic  remains  which  are  found  so 
commonly  in  the  PlBdsdOzoio  rocks,  and  especially  in  the  Silurian 
strata  of  &itain,  and  which  are  generally  known  by  the  yague  and 
oonTcnient  names  of  "Fucoids,'^  "  AnneUde-burrows,'*  and  "  tracks." 
After  expressing  his  opinion  that  the  first  step  towards  the  study  of 
these  obscure  fossils  lies  in  the  provisional  grouping  and  naming  of 
the  more  marked  forms  which  are  alreeidy  known  to  exist,  the  author 
proceeds  to  divide  the  remains  under  consideration  into  two  great 
groaps.  In  the  first  of  these  groups  are  those  fossils  which  are  truly 
the  hwrrows  oi  marine  worms,  as  <Ustingui8hed  from  mere  trails  and 
surface-tracks.  Some  of  these  burrows  (Scolithm)  are  more  or  less 
nearly  vertical  in  directioo  as  regards  the  strata  in  which  they  are 
found ;  and  they  are  to  be  looked  upon  as  being  true  burrows  of 
habitation.  In  this  secticm  are  placed  the  genera  ScoUihus,  Areni- 
eoUte$y  and  Histioderma,  Other  burrows  are  of  a  totally  different 
nature  from  the  preceding,  and  may  reasonably  be  compared  to  the 
burrows  of  the  recent  lobworms.  These  burrows  run  more  or  less 
horizontally  as  compared  with  the  laminaB  of  deposition,  or  they 
penetrate  the  strata  obliquely.  They  are  not  burrows  of  habitation, 
but  are  wandering  tunnels  excavated  by  the  worm  in  its  search  after 
food.  The  fossils  of  this  group,  therefore,  as  preserved  to  us,  are 
not  the  actutd  burrows  themselves,  but  the  burrows  filled  up  with 
the  sand  or  mud  which  the  worm  has  passed  through  its  {dimentary 
canal.  The  burrows  of  this  kind  (including  many  forms  previously 
described  under  the  names  of  Chondrites,  Palaophycus,  etc.),  the 
author  groups  together  under  the  name  of  Flanolites. 

The  second  great  group  of  Annelide-remains  comprises  genuine 
surfeu^-trails  or  "  trades,"  which  of  necessity  never  pass  below  the 
surface  of  the  bed  on  which  they  occur.  Some  of  these  remains, 
such  as  Croasopodta,  are,  beyond  doubt,  due  to  the  operation  of 
marine  Annelides ;  but  it  may  be  a  matter  of  question  whether  we 
have  in  these  cases  the  actuaUy  petrified  body  of  the  worm,  or 
merely  the  track  produced  by  the  passage  of  the  animal  over  the 
surface  of  the  mud  or  sand.    The  author,  however,  gives  reasons  for 
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believing  that  the  latter  explanation  is  truly  the  correct  one.  Other 
fossils  belonging  to  this  group  (such  as  Myrianitet)  are  equally, 
beyond  doubt,  produced  by  the  operations  of  marine  animaU :  bat  it 
remains  quite  uncertain  whether  they  have  been  formed  by  Anne- 
lides,  Crustaceans,  or  Mollusks.  Lastly,  there  are  remains  wbidi 
appear  to  be  really  casts  of  the  surface-trails  of  Annelides  or  other 
marine  creatures,  and  which,  therefore,  are  elevated  above  the  sor&oe 
of  the  bed  on  which  they  occur.  Such  remains  may  readily  be  con- 
founded with  those  belon^ng  to  the  genus  Planolites,  from  whidi 
they  are  only  distinguishable  by  the  fact  that  they  are  strictly  con- 
fined to  a  single  surface  of  de|)osition.  To  fossils  of  this  nature  the 
author  proposes  to  restrict  the  generic  title  of  Nemertites, 

Finally,  the  author  describes  some  singular  tracks  apparently 
produced  by  Crustaceans  belonging  to  the  genus  Ceraiiocaris,  and 
for  which  he  proposes  the  generic  name  of  CaridoUtes. 

The  following  list  comprises  the  species  of  fossils  described  in 
this  communication : — 

A.  BUBBOWS. 

L  Genus  Arexicolites,  Salter. 

1.  Arcnicoliltfs  tparatUt  Salter. 

2.  didymus,  Salter. 

3.  robtutut,  NicholBon. 

II.  OenuB  ScoLiTiiuH,  Haldemand. 

4.  SeolUhus  eanadetuiSf  Billings. 
6.  linearifit  Hall. 

6.  vertieaiit.  Hall. 

III.  Genus  Histiodehma,  Einahan. 

7.  Hufioderma  hibernicunif  Kinahan. 

IV.  Genus  Planolites,  Nicholson. 

8.  Planoliti's  vulgariSf  Nicholson. 

9.  ffrarionuSy  Nicholson. 

10.  articu/atWf  Nicholson. 

B.  Trails. 
V.  Genus  Crossopodia,  M'Coy. 

11.  Croftsopodia  seoh'ea^  "hVCoy, 

12.  lata,  M'Coy. 

VI.  Genus  Nkmertites,  M*LeaY. 

13.  NetnertUea  Ollivaniiiy  ^lurchison. 

14.  {Palaochorda)  major ^  M*Coy. 

15.  {Palccochordci)  minor,  M*Coy, 

VII.  Genus  Myrtamtes,  M*Lcay. 

16.  Myrianiteit  tettuis,  M*Coy. 

17.  ■  Murchisotiif  Emmons. 

C.  Appendix. 
VIII.  Genus  Caridolites,  Nicholson. 

18.  Oaridolitc8  Wilnom,  Nicholson. 


II. — Repokts  of  the  Geological  Survey  op  iNbiAMA,  for  the 
Years  1870-71-72.  By  E.  T.  Cox,  State  Geologist.  Assisted 
by  Prof.  John  Collett  and  Dr.  G.  M.  Levette,  etc  (Indiana- 
polis, 1871,  1872.     London  :  Trubner  &  Co.) 

THESE  Reports  are  contained  in  two  volumes  of  803  and  488 
j)agcs  respectively,  with  accompanying  maps,  plans,  sections, 
and  other  illustrations  of  the  districts  describedi  as  well  as  tables 
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of  analyses  of  coals  and  other  minerals,  so  as  to  make  known  their 
commercial  importance.  The  Counties  surveyed  in  detail  in  1870 
were  chiefly  Sullivan,  Daviess,  and  Martin ;  and  the  following  were 
Borveyed  in  detail  in  1871  and  1872,  viz.  Perry,  Dubois>  Pike, 
Parke,  Ohio,  Dearborn,  and  Switzerland  counties,  besides  a  pre- 
liminary examination  of  some  ten  or  twelve  others,  from  which 
a  good  general  knowledge  of  their  geology  has  been  obtained,  as 
well  as  the  continuance  of  the  Block  or  iron-smelting  coal  from 
the  northern  limits  of  the  Indiana  coal-basin  to  the  Ohio  river,  a 
discovery  of  great  advantage  to  the  State,  for  this  coal,  which  is 
unequalled  for  smelting  iron,  may  probably  induce  the  building  of 
blast  furnaces  along  the  entire  eastern  margin  of  the  coal-basin. 
In  Indiana  there  are  two  well-defined  zones  (eastern  and  western), 
containing  apparently  some  equivalent  seams,  yet  the  quality  of 
the  coal  is  quite  distinct  in  each.  The  eastern  area  is  about 
^0  square  miles,  and  includes  bituminous  coals  characterized,  as 
non-caJiing  or  free  burning;  the  Block-coal  belongs  to  this  series, 
and  is  so  called  from  the  facility  with  which  it  can  be  mined  in 
blocks ;  it  has  a  laminated  structure,  and  is  composed  of  alternate 
thin  layers  of  vitreous  dull  black  coal  and  fibrous  mineral  coal. 
The  western  zone  •  comprises  the  greatest  area,  being  over  6000 
square  miles,  and  contains  three  or  more  very  thick  beds  of  coal 
besides  a  number  of  thin  ones.  Its  eastern  boundary  is  formed 
by  the  zone  of  block-coal,  but  cannot  at  present  be  well  defined; 
it  appears  however  from  the  Report  that  the  block-coal  bods 
change  in  character,  and  pass  into  caking  coal  in  going  west 

From  a  general  study  of  the  Western  and  Indiana  Coal-measures, 
Prof.  Cox  concludes  that  the  Carboniferous  rocks  of  the  Appalachian 
and  Western  coal-fields  were  formed  in  two  great  depressions  that 
gave  rise  to  large  inland  seas,  which  communicated  with  the  ocean 
on  the  south  and  west,  and  covered  most  of  the  southern  states,  as 
far  north  as  the  35th  parallel.  A  high  ridge  of  Silurian  rocks, 
capped  in  places  with  the  Devonian,  lying  in  a  north-easterly  direc- 
tion across  the  states  of  Tenessee  and  Kentucky,  and  along  the 
western  border  of  Ohio,  and  the  eastern  of  Indiana,  separated  these 
two  seas  from  each  other,  and  spreading  over  portions  of  the  two 
Latter  states,  extended  into  Pennsylvania,  on  the  east,  and  Illinois 
amd  Iowa  on  the  west,  forming  an  unbroken  chain  along  their 
northern  shores.  In  these  seas  were  formed  the  sub-carboniferous 
rocks,  and,  as  the  water  became  shallow  from  accumulated  sedi- 
ments, a  barrier  was  formed,  which  shut  out  the  ocean,  and  cut  off 
the  source  of  salt-water  supply.  By  the  further  drainage  of  a 
large  surface  M-ea,  the  water  of  these  seas  became  less  and  less 
brackish,  and  the  conditions  necessary  for  the  accumulation  of  the 
coal  vegetation  were,  in  this  way,  brought  about  so  gradually  that 
many  marine  forms  continued  to  exist,  and,  by  degrees,  accommo- 
dated themselves  to  the  new  condition  of  things  (p.  164).  It  is 
further  inferred  that  these  seas  were  of  unequal  depth,  for  the 
thickness  of  the  strata  in  the  two  coal-fields  is  very  different,  the 
Appalachian  being  estimated  at  2500  or  3000  feet,  whereas  the 
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Western  ooal-field  will  hardly  exoeed  1000  feet,  and  in  Indim 
not  more  than  700  feet 

The  intercalated  limestones  and  shales  are  rqplete  with  mariiie 
remains  of  fish,  Cephalopoda,  Braohiopods,  and  Ghutetopods,  miaj 
of  them  even  being  specifically  identicid  with  British  Carbonifeioiii 
forms,  an  oocmnrenoe  **  whioh  can  soaroelj  be  htanoniaed  with  thi 
adopted  *  bog  or  swamp'  theory  for  the  deposition  of  Coal  and  Oosl- 
measure  Limestones; "  (p.  200) ''  for  they  indicate  a  home  in  the  pro- 
found and  quiet  depths  of  a  central  ocean,  remote  from  the  inflnenos 
of  waves  as  well  as  from  rocky  or  sandy  bottoms,  until  some  mighty 
current  of  disturbed  and  muddy  waters,  impelled  by  eartiiqaaks 
action,  overwhelmed  these  animals — the  impure  water  patting  aa 
end  to  their  life,  and  burying  them  in  the  slimy  bed  deposited  ow 
the  coal  material"    (Report,  1872,  p.  201.) 

These  two  volumes,  whioh  are  chiefly  occupied  by  descriptions  of 
the  Carboniferous  rocks,  contain  also  some  useful  and  interestiiig 
notices  of  the  Quaternary  deposits,  as  well  as  of  the  agricultan, 
botany,  and  economical  substanoes  of  the  districts  surveyed. 


I. — The  Oeologioal  Evidences  of  the  Amtiquitt  of  Man  ;  wriH 
AN  Outline  of  Glaoial  and  Post-Tebtiaby  Geology,  and 
Eemabks  on  the  Origin  of  Speoies,  with  spsoial  rsfkbbmci 
to  Man's  First  Appearance  on  the  Earth.  By  Sir  Charles 
Lyell,  Bart,  M.A.,  F.R.S.  Fourth  edition,  revised.  8vo.  pp. 
572.     (London  :   John  Murray,  1873.) 

1^0  man,  during  a  long  career  as  a  scientific  writer,  has  ever 
jji  enjoyed  a  more  well-deserved  popularity  or  held  a  higher 
))osition  as  the  exponent  of  modem  geological  thought  and  discovery 
than  Sir  Charles  Lyell. 

His  books  have  been  widely  circulated  and  largely  read.  Even  his 
"  Antiquity  of  Man  " — to  some  extent  a  diversion  from  his  previous 
writings,  and  forming  as  it  were  an  advanced  post  in  a  new  region 
(tho  Quaternary  Period)  about  to  be  annexed  to  Geological  Science—: 
met  with  the  same  warm  and  ready  reception  by  the  public. 

Thus  we  find  that  the  first  edition,  which  was  published  in  1863, 
was  followed  by  the  second  two  months  later,  and  by  the  third  edition 
before  the  end  of  the  year  I  Such  a  run  of  popularity  required  an 
interval  of  rest  and  recuperation ;  accordingly  we  find  a  period  of 
ten  years  has  now  elapsed  since  the  publication  of  the  third  edition 
— a  period  rich  in  varied  and  additional  proofs  of  Man*s  antiquity. 
These,  so  far  as  the  author  has  been  able  to  collect  and  compress  them 
into  the  small  number  of  pages  added  to  the  fourth  edition,  will 
be  found  duly  arranged  and  enrolled  in  the  present  volume. 

Tho  author  has  di>'ided  his  book  into  three  distinct  parts,  the  first 
of  which,  called  the  "Antiquity  of  Man,"  might  with  more  propriety 
(ho  thinks)  have  been  distinguished  as  the  "  Greological  Memorials  of 
Man.*'     The  introduction,  into  the  second  part,  of  ''the  Glaoial 
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nod**  WBB  looked  upon  formerly  as  irrelevaait  to  the  sabject  of 
ill's  antiquity ;  but  Sir  Charles  Lyell  now  thinks  there  is  good 
onnd  for  its  retention  in  snch  a  work,  seeing  that  now  so  much 
iciission  is  going  on  as  to  the  pre-  or  post-glaoial  age  of  man. 
He  thinks  the  third  part,  treating  of  **  the  Origin  of  Speoies  with 
ference  to  Man's  place  in  Natare,"  is  the  obvious  oonolusion  to  the 
her  parts  of  the  inquiiy. 

The  works  of  Sir  John  Lubbock  on  <'  Prehistoric  Man,"  and  tibat 
Mr.  John  Evans  on  ''  Ancient  Stone  Implements,"  have  furnished 
ach  new  material  and  many  suggestions  to  the  author. 
The  theory  proposed  by  Mr.  G^ikie,  and  adopted  by  Sir  Charles 
fell,  of  the  rise  of  land  in  Scotland  to  the  extent  of  twenty-five 
et  in  Post-Boman  times,  he  has  now  abandoned  as  being  no  longer 
nable.  The  evidences  and  arguments  which  have  resulted  in  the 
mplete  refutation  of  this  theory  have  been  published  from  time  to 
ne  in  the  pages  of  this  Magazins.^  The  occurrence  of  Boman 
ads  and  fords  suited  to  the  present  sea-level  and  the  discovery  of 
Roman  inscription  on  a  stone  at  Bo'ness  leave  no  doubt  that  the 
-esent  level  of  the  land  nearly  corresponds  with  that  in  Boman  times. 
The  interesting  researches  of  M.  E.  Dupont  in  the  caverns  of  the 
dley  of  the  Lesse,  where  this  river  joins  the  Meuse,  have  been 
corded  in  this  edition.  Out  of  forty-three  caves  examined,  25 
ntained  traces  of  man.  They  are  divisible  into— (1)  the  Mammoth 
dried;  (2)  the  Beindeer  Period;  (3)  the  Neolithic,  or  polished 
one  period,  which  is,  however,  more  feebly  represented  than  the 
her  two. 

The  careful  researches  of  Mr.  Pengelly  into  the  Brixham  Cave  at 
orquay,  and  the  evidence  he  has  accumulated  in  order  to  establish 
le  accuracy  of  the  Bev.  Mr.  MacEnery's  statements  in  regard  to 
.e  discovery  by  him  of  Machairodus  teeth  in  January,  1826,  have 
d  to  the  exhumation  of  further  remains  in  July,  1872,  together 
ith  other  precious  relics,  which  are  duly  chronicled. 
Much  has  been  written  by  Lyell  and  others  regarding  the  cave  of 
nrignac,  but  from  the  author's  last  visit,  in  1872,  accompanied  by 
jr.  T.  McK.  Hughes,  now  Woodwardian  Professor  at  Cambridge, 
)  satisfied  himself  that  the  evidences  of  th^  remoteness  of  the  era 
'  which  the  existence  of  sepulchral  rites  may  be  carried  back  are 
ore  doubtful  than  M.  Lartet  and  he  had  formerly  supposed. 
Sir  Charles  has  also  visited  with  Mr.  Hughes  the  caverns  of  the 
ordogne,  and  has  given  some  account  of  these  interesting  prehistoric 
fuges  and  of  their  buried  contents. 

Of  the  two  men  who  undertook  the  exploration  of  these  caves  and 
le  publication  of  the  "Beliquias  Aquitanicee" — Messrs.  Lartet  and 
hristy — both  are  now  deadj  but  the  work  is  again  in  progress 
awards  completion,  a  new  part  (edited  by  Prof.  T.  Bupert  Jones, 
.B.S.)  having  just  appeared,  and  another  is  promised  before  long. 
The  discovery  by  M.  Bivi^re  of  the  human  skeleton  in  the  cave 
.  Mentone  (see  Geol.  Mao.,  1872,  Vol.  IX.  p.  272,  with  an  engrav- 
g,  and  p.  368)  is  of  course  duly  recorded  (p.  143)  : — 

>  Geol.  Mao.,  1865,  Vol.  II.,  p.  76,  p.  181 ;  1866,  Vol.  III.,  pp.  366,  S23,  425  \  and  UTQ^  V<A. 
X,  p.  270. 
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*'  The  Bkeleton  is  that  of  a  man  about  5  fept  9  or  10  indies  higb, 
and  all  but  perfect. 

"  The  skull  was  of  a  red  colour,  and  covered  with  numerouB  pe^ 
foratcd  marine  shells,  of  the  species  of  Naasa  neritea,  and  twenty- 
two  perforated  canines  of  the  stag,  the  whole  having  probably  been  a 
chaplct.  A  bone  instrument,  pointed  at  one  end,  lay  across  the  forehead. 

"  The  skull  was  very  dolichocephalic,  the  occiput  much  produced, 
the  forehead  rather  narrow,  and  the  temple  flattened;  the  facial 
angle  measured  from  80"  to  85^.  All  the  teeth  were  perfect^  bat 
were  worn  flat,  as  if  by  trituration  of  hard  food,  as  is  commonly 
observed  in  very  ancient  skulls,  as  well  as  in  modem  savage  races. 

''  The  thigh-bones  were  strongly-carinate,  and  the  tibia»  or  shin- 
bone,  was  somewhat  platycnemic,  or  flattened ;  the  flbula  also  was  of 
enormous  thickness. 

'*  The  whole  attitude  indicated  that  the  man  had  died  in  his  sleep; 
and  from  the  manner  in  which  his  remains  were  associated  with 
unpolished  implements  and  the  bones  of  extinct  animals,  it  seems 
not  improbable  that  Dr.  Bivi^re  has  brought  to  light  a  complete 
human  skeleton  of  palaeolithic  age."     (p.  144.) 

Since  the  foregoing  was  printed,  the  author  has  learned  that  a 
second  skeleton  has  been  brought  to  light  by  M.  Bivi^re  in  a 
neighbouring  cavern  under  similar  conditions.  In  a  letter  to  the 
author  (Apnl  17,  1873),  he  states  that  he  found  with  this  second 
human  fossil,  a  flint  lanco,  and  a  flint  hatchet,  both  impolished. 

Around  the  arms,  wrists,  and  knees  were  bracelets  of  Mediter- 
ranoiui  shells,  Nassa,  Cypraa,  and  Bux^cinum;  and  the  skeleton  and 
sun-ounding  earth  wore  stained  red  by  oxide  of  iron,  as  was  the 
case  with  the  skeleton  discovered  in  1872.  Extinct  animals  were 
also  found  at  a  higher  level  than  this  second  skeleton ;  but  from 
letters  received  from  Mr.  Charles  Moore,  F.G.S.,  who  is  now  at 
Meutone,  it  may  be  inferred  that  the  time  of  inhumation  of  these 
remains  of  elephant,  rhinoceros,  and  cave-bear,  in  subaerial  brecdsH 
at  different  altitudes  in  the  cliffs,  will  have  to  be  critically  ascertained 
before  their  geological  bearing  on  the  age  of  the  human  skeletons 
can  be  finally  settled,     (Preface,  p.  viL) 

Dealing  with  the  peiiod  immediately  preceding  that  in  which  we 
have  positive  traces  of  man,  the  entire  chapter  on  the  Crags  of 
Norfolk  and  Suffolk  has  been  re- written  by  the  author,  who  has 
incorporated  the  information  recently  published  by  Messrs.  Prestwich, 
Gwyn  Jeffreys,  Searles  V.  Wood,  senr.  and  junr.,  and  F.  Harmer. 

Under  the  head  of  the  Glacial  Period,  new  light  has  been  obtained 
from  the  observations  of  Dr.  Nordenskiold,  whose  valuable  paper  on 
Greenland,  translated  from  the  original  Danish,  was  published  in  the 
Geological  Magazine  last  year. 

In  the  3rd  part  the  author  has  added  the  new  facts  relating  to 
evolution  derived  from  the  class  Aves  and  Beptilia.  That  last  in- 
stance of  a  remarkable  dentigerous  bird  from  the  London  Clay  of 
Sheppey  {Odontoptcnjx  toliapicus),  brought  forward  by  Prof.  Owen 
at  the  Geological  Society  on  the  2oth  of  June  last,  was  not  of  course 
known  to  Sir  Charles  Lyell. 

From   the  final  page,  under  the  beading  "Transmutation  and 
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Natural  Theology/'  we  cnll  the  following  paragraph,  with  which  we 
must  conclade  our  present  notice : — 

"  The  whole  course  of  Nature  may  he  the  matericd  embodiment  of 
a  pre-concerted  arrangement ;  and  if  the  succession  of  events  be  ex- 
plained by  transmutation,  the  perpetual  adaptation  of  the  organic 
world  to  new  conditions  leaves  the  argument  in  Jbvour  of  design, 
and  therefore  of  a  designer,  as  valid  as  ever ;  *  for  to  do  any  work  by 
an  instrument  must  require,  and  therefore  pre-suppose,  the  exertion 
rather  of  more  than  of  less  power,  than  to  do  it  directly.'  ^ 

*'  As  to  the  charge  of  materialism  brought  against  aU  forms  of  the 
development  theory,  Dr.  Gray  has  done  well  to  remind  us  that  *of 
the  two  great  minds  of  the  seventeenth  century,  Newton  and 
Leibnitz,  both  profoundly  religious,  as  well  as  philosophical,  one 
produced  the  theory  of  gravitation,  the  other  objected  to  that  theory, 
that  it  was  subversive  of  natural  religion/  " ' 

n. — ^Illustbattbd  Ouibb  to  the  Fish,  Amphibian,  Reptilian,  and 
Supposed  Mammalian  Eemains  of  the  Northumberland 
Carboniferous  Strata.  By  Thomas  Pallister  Barkas,  F.G.S. 
8vo.,  pp.  117  and  foHo  Atlas.  (London :  W.  M.  Hutchings,  5, 
Bouverie  Street). 

MR.  BAREAS,  who  is  well  known  as  an  enthusiastic  collector  of 
Coal-measure  fossils,  has  here  reproduced  in  book-form  the 
substance  of  a  series  of  papers  descriptive  of  the  vertebrate  remains 
found  in  the  Newcastle  Coal-deposits,  originally  contributed  by  him 
to  the  pages  of  T^e  Colliery  Guardian,  and  other  publications. 

The  author,  who  dedicates  his  book  to  the  "  Working  Miners  in 
Northumberland,"  does  not  claim  for  it  a  high  scientific  position,  for 
in  bis  preface  he  says  that  his  "  work  does  not  in  any  sense  pretend 
to  be  exhaustive  of  the  subject  upon  which  it  treats,  but  is  rather 
a  preliminary  monograph  of  the  Carboniferous  Fauna  of  one 
locality."  Nevertheless  it  will  be  found  a  useful  "  Manual"  or 
"  Guide,"  inasmuch  as  he  brings  together,  under  one  cover,  informa- 
tion which  would  otherwise  have  to  be  sought  for  in  many  pub- 
lications, and  it  will  well  serve  the  worker  or  student  of  these 
remains  as  a  book  of  ready  reference.  The  descriptions  of  the 
fossils  are  mostly  generic  and  brief,  but  they  are  concise ;  and  the 
references  to  the  various  works  in  which  more  detailed  descriptions 
are  given  are  numerous.  Any  work  on  the  PalsBontology  of  a 
single  deposit,  and  in  a  circumscribed  area,  even  if  it  treats  of  all 
tlie  fossils  found  therein,  is  of  necessity  limited  in  its  scope,  but  very 
much  more  so  when  its  subject  is  limited  to  one  division — and  that 
the  Vertebrata  of  a  Palaeozoic  deposit.  We  felt  somewhat  surprised 
at  the  number  and  variety,  both  of  genera  and  species,  here  recorded 
as  having  been  found  in  a  comparatively  limited  area;  for  Mr. 
Barkas  enumerates  no  less  than  twenty-eight  genera  of  Fishes,  con- 
taining forty- four  species,  and  fourteen  genera  of  Reptiles  (Amphibia), 
exclusive  of  undetermined  remains,  from  the  Coal-beds  of  Newc8U3tle, 

*  *'  Natural  Selection  not  Inconsistent  with  Natural  Theology/*  p.  55,    By  Dr. 
Ajsa  Gray.    Triibner  &  Co.,  London.  -  loid,  p.  31. 
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the  larger  proportioii  of  whidi  have  been  dbccrreied  withia  the  last 
few  years. 

We  wish  Mr.  Baikaa  had  inaerted,  in  addition  io  the  liii  of 
genera,  a  list  of  all  the  <pectet  of  TertelNrate  remaina  found  in  thia 
locality,  believing  that  these  nnmbera  would  be  oonaiderably  added 
to ;  should  his  book  reach  a  second  editicm,  we  trust  this  important 
defect  will  be  remedied. 

On  referring  to  the  last  edition  of  Pio£  Morris's  Catalogue  of 
British  Fossils,  published  in  1854,  we  find  only  twenty-nine  geneia, 
containing  sixty -four  species,  of  Fossil  fishes  reoorded  aa  then  known 
in  the  whole  of  the  Coal-measures  of  Great  Britain  and  Ireland; 
and  many  of  these  are  entirely  wanting  in  the  Northumberland  beds. 

The  only  reptilian  genus  there  recorded  {Farabatraekus)  is  now 
cancelled ;  for  the  specimen  upon  which  it  waa  founded,  which  it 
preserved  in  the  British  Museum,  baa  been  long  known  to  be  the 
inner  view  of  the  maxillary  of  MegaliehihyB. 

Of  the  Fossil  fishes,  Climaxodus  avatva,  Barkaa,  a  Carbonifenwt 
Limestone  genus,  was  first  discovered  by  the  author  in  the  Coal- 
measures,  and  was  originally  described  by  him  in  the  pages  of  tins 
Magazine,  Vol.  Y.  p.  495 ;  see  also  Gbol.  Magw,  YoL  YT.  pp.  42, 
381.  Of  the  genus  Ctenodus  ten  species  have  been  founded  by  Atth^ 
and  others  upon  teeth  or  other  remains  from  the  Newcastle  Coal- 
beds.  Ctenoaus  iubercMlatm,  Atthey,  is  figured  in  Gbou  Mao.,  YoL 
YI.  p.  314,  PL  DL  This  genus  has  an  especial  interest^  owing  to 
its  close  affinity  to  CeratoduSf  a  genus  wluoh  first  appears  in  the 
Trias  and  is  now  found  living  in  some  of  the  rivers  of  Australia. 

Archichihys  and  Orthognaihus  have  hitherto  been  recorded  as  found 
only  in  the  Northumberland  beds. 

Of  the  Amphibia  we  have  eight  or  nine  genera  which  are  here 
first  described  and  figured ;  and  the  author  believes  that  Ortkoaamrm 
pachycephalus,  Barkas,  are  the  remains  of  a  true  reptile.  The  species 
is  founded  upon  a  nearly  perfect  cranium,  of  which  he  gives  ex- 
cellent figures  of  the  natural  size.  He  says :  *'  In  general  form 
and  configuration,  in  the  position  of  the  orbits,  in  the  absence  of  a 
parietal  foramen,  in  the  strength  of  the  quadrate  bones,  in  the 
freedom  of  the  palate  and  vomer  from  dentition,  and  in  the  form  of 
the  maxilliary  bones,  the  cranium  of  Orthosaurus  very  closely  re- 
sembles that  of  a  modem  crocodile."  Should  these  views  be  con- 
firmed by  further  investigation,  these  remains  will  be  important  as 
being  those  of  the  first  true  reptile  found  below  the  Permian,  for  the 
natural  position  of  Prof.  Marsh's  JEosaurus  from  the  Coal-fields  of 
Nova  Scotia  is  still  doubtful. 

The  so-called  mammal  jaw  we  pass  b}'  as  scaroely  worthy  of  notice : 
it  is  founded  upon  a  fmgment  so  imperfect  and  obscure  that  it  is  im- 
possible to  base  any  satisfactory  determination  upon  it. 

Two  well-marked  formB  of  Ichmies  are  described  and  figured  from  the 
lower  sandstone  of  the  Carboniferous  Limestone  of  Northumberland. 

The  book  is  well  printed,  and  is  accompanied  by  an  excellent  atlas 
of  ton  folio  plates,  eight  of  which  are  folding,  containing  250  figures. 
Many  of  these  are  of  magnified  microscopic  sections,  the  others  are 
o'  *i">  natural  size. 
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In  coBoliiBioii,  we  think  Newcastle  is  foitonate  in  having  load  men 
who  not  only  oolleot,  but  can  also  well  describe  and  illustrate  what 
they  collect;  for  besides  our  author,  Messrs.  Hancock  and  Atthey 
liave  written  some  most  valuable  scientific  papers  upon  the  verte- 
brates of  the  Carboniferous  period  obtained  from  the  strata  of  this 
important  Coal-produdng  emporium. 


L — ^BoTAi.  Institution  ov  Cornwall. 

T!HE  spring  meeting  of  the  Boyal  Institution  of  Cornwall  was  held 
1  at  Truro  on  Friday,  the  16th  of  May.  Dr.  Jago,  F.R.S.,  V.P., 
presided,  in  the  absence  of  Sir  John  St  Aubyn,  Bart,  M.P.,  the 
President.    The  following  papers  were  read : — 

On  the  Detriial  Tin-ore  of  Comtooll.  By  William  Jory  Henwood, 
P.B.S.,  F.G.S.,  sometime  Her  Jllajesty's  Assay-Master  of  Tin  ts  i\s 
Thtchy  of  ComwoXl,. — ^This  memoir  contains  a  summary  of  observa- 
tions made  at  intervals  during  the  past  five-and-forty  years.  Of  the 
four  districts  into  which  the  writer  divides  the  field  of  his  laboiirs, 
the  first  extends  from  the  Land's  End  to  tiie  eastern  sources  of  the 
BLayle  river ;  the  second  is  included  between  the  Camborne,  Crowan, 
Wendron,  and  Constantino  granite,  and  the  eastern  tributaries  of 
E^estronguet,  a  creek  of  FaLmouth  harbour.  The  third  is  bounded 
m  the  west  by  the  Truro  river,  and  the  Gannel,  and  on  the  east  by 
the  Fowey  and  the  lower  part  of  the  Camel.  The  fourth  reaches 
from  the  eastern  part  of  the  third  to  the  Tamar.  Throughout  Com- 
«vall  the  water-shed  is  much  nearer  to  the  north  than  to  the  south 
3oa6t  A  short  notice  of  the  general  characteristics  of  each  district 
precedes  particulars  of  the  stream-works  now  or  lately  wrought. 
\nd  here  it  may  be  remarked  that  the  Land's-End  region  contains  no 
fewer  than  eleven  logon  rocks^  of  which  seven  are  in  the  single 
[>arish  of  Zennor,  and  amongst  these  three  are  so  closely  placed,  that 
sufficient  force  applied  to  one  moves  them  all.  The  first  district  in- 
2ludes  the  detritus  explored  at  Bosworles,  Penrose,  Bejowans,  Tre- 
gadgwith,  Coldharbour,  Tregilsoe,  Marazion-marsh,  and  St.  Erth. 
rhe  second  comprehends  the  Wendron  Moors,  which  have  been 
B^rought  from  remote  antiquity  to  the  present  time,  the  instructive 
i¥ork8  long,  but  we  fear  unprofitably,  carried  out  by  Mr.  Joshua  Fox, 
aear  Mawnan,  as  well  as  the  productive  deposit  wrought  at  Camon, 
md  beneath  the  navigable  part  of  Restronguet  creek,  together  with 
!ts  lateral  extensions  into  the  Perran  Sinelting-house  creek  (where  a 
luman  skeleton  was  discovered  some  fifty  years  ago  resting  on  the 
in-ground  at  low-water  miirk,  compressed  by  longitudinal  and  cross 
jars  of  wood  and  covered  with  rocks  of  quartz),  as  well  as  in  the  Perran 
Wharf  Valley,  where  quantities  of  inflammable  gas  issued  from  the 
vegetable  remains,  which  rested  on  the  tin-bed.  The  third  embraces 
Pentuan,  the  St.  Austell,  Luxullian,  Lanlivery,  St.  Stephen's,  St 
[)ennis,  and  Tregoss  Moors,  together  with  the  interesting  deposit  at 
Preloy,  in  St.  Columb  Minor,  were  coins,  celts,  fibula,  and  a  remark- 
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able  vessel  of  pure  tin  were  found  amongst  the  refuse  of  earlier 
streamers,  within  two  miles  of  the  ancient  entrenchment  at  Irevelgne 
Island,  where  bones,  recognized  by  Professor  Owen  as  of  the  Bm 
langi/rons^  were  some  years  ago  discovered  by  Mr.  NichoUs.  The 
fourth  district  comprises  the  wild  moorlands  between  Lostwithiol, 
Bodmin,  Camelford,  Gallington,  and  Launoeston.  Tin-ore,,  like  golcL 
found  in  stream-works,  is  always  of  superior  quality  to  that  afforded 
by  mines.  Tlie  entire  produce  of  gold  from  flie  tin  works  of  Corn- 
wall during  the  present  century  has  probably  amounted  to  no  moro 
than  a  very  few  ounces ;  but  no  district,  perhaps  no  single  stream- 
work,  has  been  utterly  destitute  of  it,  and  all  yet  examined  has  been 
found  of  remarkable  purity.  The  masses  of  ''  Jews  House  "  tin,  and 
the  remains  of  ancient  furnaces  still  discovered,  from  time  to  time, 
in  various  parts  of  Cornwall,  have  been  found  more  frequently  on 
the  outskirts  than  in  the  heart  of  the  stream  tin  districts.  Of  these 
a  copious,  but  the  writer  fears  by  no  means  an  exhaustive,  list  is 
given.  In  a  conversation  which  took  place  at  the  annual  meeting  of 
the  Institution  in  18G7,  the  writer  expressed  his  belief  that  the  disuse 
of  certain  and  the  substitution  of  odier  coinage  towns  showed  that 
the  produce  of  East  Cornwall  was  much  greater,  and  of  West  Corn- 
wall much  smaller  respectively  in  past  ages  than  of  late.  The 
Stannary  Boll,  34th  Edward  I.  (1305-6),  presented  to  the  Institution 
in  1870,  by  Sir  John  Maclean,  and  the  official  returns  during  the  last 
year  in  which  coinage  duties  were  levied,  show  that  opinion  to  have 
been  well  founded.  Thus,  from  the  festival  of  St.  Edmund,  16th  of 
November,  1305,  to  the  Feast  of  St  Matthew,  21st  of  September, 
1306,  there  were  coined  at — 

Lostwithiel,  3,294  blocks  of  tin,  which  weighed  176*5  (avoir.)  tons. 
Bodmin         1,505       „  „  „  83*         „  „ 

Truro  1,298       „  „  „  68-6       „ 

Trynu?  694       „  „  „  36-3       „ 

Helston  105      „  „  „  6'1  a  year, 

6,896      „  „  „        370-5 

or  at  the  rate  of  about     437  „ 

At  that  time  the  blocks  weighed,  on  an  average,  1201bs.,  and  the 
rate  of  coinage  duty  levied  was  forty  shillings  (£2)  sterling  per  one 
thousand  pounds  weight  of  (metallic)  tin. 

From  Midsummer,  1837,  to  Midsummer,  1838 — ^the  last  year  in 
which  duties  were  paid  to  the  Duchy  of  Cornwall  on  the  coinage  of 
tin — the  quantities  of  metal  coined  at  the  various  privileged  towns 
were,  at — 

Calstock,  393  blocks  of  tin,  which  weighed  some  70  (avoir.)  tons. 
Truro,        10,297      „  „  „  1,860       „ 

Hayle,         5,452      „  „  „  980       „ 

Penzance,  12,423      „  „  „  2,260 
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22,565      ;,  „  „  5,160  a  year. 

Each  block  weighed  at  that  time  rather  more  than  400  lbs.     During 
many  years  the  Duchy  levied  a  duty  of  4a.  per  120  lbs.  on  all  tin 
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produced  in  Cornwall,  and  of  Is.  6|(2.  per  112  lbs.  on  all  tin 
produced  in  Devonshire.  In  1837-8,  therefore,  the  produce  of 
Oomwall  was  nearly  twelve  times  as  much  as  it  was  in  1305-6, 
and  Mr.  Hunt's  valuable  statistics  show  that  since  1838  it  has  still 
farther  increased.  The  writer  refers  to  the  works  of  every  author 
who  has  preceded  him  on  the  same  subjects,  and  mentions  in  his 
notes  many  particulars  which  bear  on  numerous  cognate  matters  of 
interest,  for,  having  lived  amongst  the  engineers  and  mine  agents  of 
a  past  generation,  he  is  now  almost  the  only  surviving  repository  of 
their  experience. 

Hie  tin  trade  of  ComtoaU  in  the  reigns  of  Elizabeth  and  James, 
compared  with  thai  of  Edward  I,  By  Sir  John  Maclean,  F.S.A.  The 
author  had  recently  found  two  paper  books  of  accounts  which  con- 
tained statements  of  the  quantity  of  tin  coined  at  the  four  authorized 
coinage  towns  in  the  county  during  the  greater  part  of  the  reign  of 
Queen  Elizabeth  and  in  the  early  part  of  that  of  James  I.  Whilst 
the  toll  in  Cornwall  was  40<.  per  1000  lbs.,  in  Devon  it  was  15<.  7^ 
only  for  the  same  weight.  Whilst  the  tin-producing  districts  in 
those  reigns  had  greatly  changed,  the  produce  had  remained  mach 
the  same  as  in  the  reign  of  Edward  I.  (1305).  In  the  latter  period 
the  average  annual  yield  was  991,979  lbs.,  and  in  1305  the  product 
was  865,562  lbs.  Considering  the  great  difference  in  the  vahie  of 
money  at  the  two  periods,  it  was  obvious  that  the  revenue  derived 
by  Elizabeth  from  the  stannaries  of  Cornwall  was  far  inferior  to 
that  of  her  distant  ancestor.  The  two  coinage  towns  in  the  east  of 
Oomwall  in  1305  were  Lostwithiel  and  Bodmin.  The  tin  weighed 
in  that  year  in  those  two  towns,  which  represented  the  quantity 
raised  in  the  stannaries  of  Black  Moor  and  Fowey  Moor,  was 
616,686,  as  compared  with  248,876  lbs.  (including  the  weighing 
at  a  place  which  was  read  as  Trynu,  presumed  to  mean  Truro), 
weighed  at  Truro  and  Helston.  It  was  remarkable  that  at  the  latter 
place  there  were  only  two  weighings  in  that  year,  amounting  in 
the  aggregate  to  13,644  only.  The  average  annual  production  of 
the  two  eastern  stannaries  is  represented  by  the  coinage  at  Lost- 
withiel and  Liskeard,  which  latter  place  had  been  substituted  for 
Bodmin  in  the  reign  of  Elizabeth,  during  the  period  of  40  and  50  years. 
Embraced  in  the  later  accounts  was  135,837  lbs.  only,  as  compared 
with  807,299  lbs.,  the  production  of  the  two  western  stannaries 
of  Tywamhail,  Pen  with  and  Kerrier.  The  coinage  usually  took 
place  twice  in  the  year,  viz.  in  June  or  July,  and  in  September  or 
October.  The  tin  weighed  at  Bodmin  in  1305  was  166,329  lbs. ;  at 
Lostwithiel,  450,357  lbs.  in  1305,  and  69,290  lbs.  in  1607;  at 
Liskeard,  79,160  lbs.  in  1577,  and  35,010  lbs.  in  1607;  at  Helston, 
13,644  lbs.  in  1305,  and  454,372  lbs.  in  1607;  and  at  Truro, 
153,843  lbs.  in  1305,  and  426,492  lbs.  in  1607.  Mr.  Henwood 
mentioned  that  in  addition  to  the  dues  of  la.  6|(2.  per  112  lbs.  in 
Devon,  and  4«.  per  120  lbs.  in  Cornwall,  the  Duchy  used  to  receive 
other  sums  charged  as  '^  great  pieces.^^  No  doubt  this  was  a  fine  on 
persons  who  sent  unmanageable  blocks  of  tin. 

On  the  Occurrence  of  Wood-tin  Ore  in  the  Wheal  Metal  Lode  at 
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Wheal  Var.  By  William  Aigall,  Esq.  Thia  variety  of  ore  is  niely 
found  in  lodes,  and  never  at  so  great  depth  as  in  Wheal  Yor.  Some 
six  or  seven  years  sinoe  traces  of  it  were  disoovered  in  the  mina  180 
fitthonis  from  the  surface,  and  within  the  last  few  months  mote  has 
heen  found  20  fathoms  below  this. 

Papers  were  also  read  by  Dr.  Hudson,  the  Bev.  Dr.  Banxiiflter, 
Mr.  J.  J.  Eogers,  Mr.  £.  Hearle  Bodd,  Mr.  N.  Haie,  Dr.  "RM-K^m 
and  Mr.  E.  N.  Worth.    The  authors  of  papers  and  donors  to  the 
library  and  museum  were  thanked,  and  the  services  of  Dr.  Jago  for 
presiding  were  acknowledged. 

II. — Geoloqio^l  Socibtt  ov  Londoh. 

(1).— April  30,  1873.— Joseph  Ptestwich,  Em.,  F.R.S.,  Vice-Prasideiit,  in  tb« 
Chair. — Tho  following  communications  were  reaa : — 1.  **  On  the  Permimi  BneeiH 
and  Boulder-heds  of  Armagh."  By  Prof.  Edward  Hall,  F.B.8.,  F.O.S.,  Dinctorof 
the  Geological  Surrey  of  Ireland. 

In  this  paper  the  author  descrihes  certain  hreccias  ocearring  m  -the  ridnity  of 
Armagh,  wnich  he  referred,  hoth  on  stratigraphical  and  physioal  grounds,  to  tks 
Lower  Permian  series,  considering  them  to  be  identicad  with  the  "  brookimm  *'  of 
Cumberland,  and  the  Breccias  of  Worcestershire  and  Shropshire.  The  lower  beds 
rest  on  the  denuded  surface  of  the  Lower  Carboniferous  Limestone,  and  consist  of 
a  breccia  of  limestone  pebbles  in  a  reddish  sandy  paste,  sometimes  becoming  a  bedded 
calcareous  sandstone  with  pebbles.  These  beds,*  which  are  10-12  feet  thick,  nt  OTer> 
lain  by  soft  rudely  stratified  conglomerate  and  Boalder-beds,  of  sabangmlar  mi 
round^  blocks  of  grit,  fclspathic  sandstone,  vein  quartz,  and  limestone.  In  soma 
places  the  breccia  graduates  up  into  the  overlying  Boulder-beds,  but  sometimeB  its 
surface  is  eroded.  These  beds  arc  overlain  by  Boulder-clay  of  the  Drift  period. 
Within  the  city  of  Armagh  well-borings,  etc.,  have  revealed  the  existence  of  New 
Bed  Sandstone  above  the  Breccia  and  Boulder-beds.  In  the  author's  opinion  the 
only  ap:cnt  which  could  have  brought  the  blocks  of  Silurian  and  Old  lied  Sandstone 
age  found  in  the  Bouldcr-bods  from  their  place  of  origin  is  floating-ice.  The  author 
further  referred  to  the  extensive  denudation  which  the  Carboniferous  beds  have  under- 

S)nc  in  Armagh,  and  also  alluded  to  the  occurrence  of  beds  of  Permian  age  near 
enburb.  between  Armagh  and  Dungannon. 

Discussion. — The  Chairman  inquired  whether  in  the  Permian  beds  there  were  no 
limestone  pcbblcH,  such  as  in  all  probability  would  have  been  striated  had  they  been 
of  glacial  origin. 

Mr.  Godwin-Austen  remembered  that  at  the  Meeting  of  the  British  AssociatioA  a 
Taiaouifcus  catopUrus  and  an  Etftluria  were  produced  which  were  thought  to  identify 
the  Irish  beds  with  analogous  red  beds  on  the  other  side  of  the  water.  He  was  not 
prepared  to  accept  the  bc(£  to  which  the  name  of  Permian  had  been  applied  as  distinct 
in  their  origin  from  those  below  and  above  them,  and  therefore  wortny  of  a  distinc- 
tive name.  The  conglomerate  bed  of  the  lloth-todt-liegendc  was  only  a  littonl 
deposit  of  that  period,  and  a  mere  analogy  of  character  did  not  prove  identity  of  date, 
as  the  same  parent  rocks,  when  broken  up  at  diiTercnt  times,  would  yield  similar 
brecxrias  and  conglomerates.  He  regarded  the  Zcchstein  period  as  one  of  extensive 
lake  pyfetcms,  though  with  occasional  incursions  of  salt  water.  The  Red  Sandstone 
deposits,  as  a  rule,  were  in  the  west,  formed  in  fresh  water ;  and  in  more  eastern 
districts,  as  in  Russia,  they  wore  of  salt-water  origin.  He  agreed  with  Prof.  Bamiay 
as  to  the  cliraatal  conditicms  of  that  period,  and  hud  in  the  West  of  England  seen 
blocks  of  porphyr}'  which  had  been  deposited  in  the  midst  of  small  detritus,  and 
these  he  thought  could  not  have  been  transported  by  any  other  agency  than  that  of  ice. 
Mr.  Hopkinson  mentioned  the  Permian  breccias  of  'the  South  of  Scotland,  which 
are  overlain  by  a  deposit  of  Glacial  age,  so  simikr  to  the  breccia  below  as  to  be  with 
difficulty  distinguished  from  it. 

Prof/T.  Rupert  Jones  argued  that  without  exact  evidence,  the  mere  character  and 
constituents  o(  the  conglomerates  afforded  no  sufficient  criterion  as  to  age.  In  reply 
to  Mr.  Godwiu-Austen,  he  insisted  upon  there  being  direct  CTidence  in  Germany  and 
elsewhere  of  a  distinction  between  tho  Permian  and  Triassic  series. 
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Prof.  Ho^heB  was  most  grateM  to  Mr.  Go^irin- Austen  for  attacking  those  difficult 
beds  the  Tnas  and  the  Permian.  In  the  Vale  of  Clwyd,  which  he  had  recently  been 
mapping,  he  had  found  it  almost  impossible  to  distinguish  them.  The  bulk  of  the 
Permian  fossils  had  by  some  authors  been  transferred  to  the  Carboniferous,  and  in 
other  respects  this  prorince  had  been  severely  trenched  upon.  Still,  as  the  New  Red 
Sandstone  belonged  to  a  lengthened  period  of  denudation,  there  was  ample  room  for 
change  of  climate.  He  did  not,  however,  think  that  the  occasional  presence  of  large 
blocks  in  the  drifted  deposit  was  by  itself  sufficient  proof  of  glacial  action,  as  when 
once  a  block  of  stone  was  moved,  the  carrying  power  of  water  was  very  great.  He 
did  not  agree  with  the  author  as  to  the  exact  parallelism  between  the  English  and 
Irish  deposits ;  and  cited  an  instance  near  Tebay  of  Permian  conglomerate  passing 
into  Carboniferous  limestone,  and  with  no  characteristic  whatever  of  a  glacial  origin. 
He  doubted,  therefore,  as  to  the  apolication  of  a  glacial  theory  to  this  formation. 

Mr.  A.  Tylor  inquired  whether  the  beds  mieht  not  be  of  some  intermediate  date 
between  the  Carboniferous  and  Quaternary,  like  certain  Belgian  beds  of  the  same 
character  which  were  possibly  of  Cretaceous  age. 

Mr.  Blanford  sue^ested  the  possibility  of  the  beds  being  of  sub-aerial  origin.  In 
Persia  and  Bcloochistan,  on  tne  borders  of  what  appear  to  be  old  lakes,  is  a  vast 
iccumulation  of  detritus,  occasionally  containing  enormous  blocks  of  rock,  and  some- 
times ten  miles  in  breadth,  and  of  the  character  of  a  brecciated  deposit.  The  thick- 
neos  in  places  appears  to  be  at  least  1000  feet ;  and  the  whole  of  this  deposit  he 
ascribed  to  the  wash  on  the  shores  of  the  lake.  He  pointed  out  that  the  old  division 
of  all  geological  deposits  into  primary,  secondary,  etc.,  was  not  applicable  in  India, 
and,  in  fact,  offered  obstacles  to  research. 

Prof.  Hull  commenced  his  reply  by  reading  a  letter  from  ProLBamsay,  who  agreed 
with  him  that  the  beds  in  question  at  Armagh  were  of  truly  Permian  a^.  He  main- 
tained, in  opposition  to  Mr.  Austen,  that  there  was  to  be  traced  a  great  break  between 
the  Permian  and  Triassic  strata.  There  was,  according  to  his  view,  as  great  an  un- 
conformity between  these  beds  as  there  was  between  the  Carboniferous  and  the 
Permian.  The  lines  of  flexure  and  disturbance  at  the  commencement  and  close  of 
the  Permian  period  had  been  in  different  directions,  and  had  ho  thought  led  to  some 
of  the  discrepancies  mentioned  by  Prof.  Hughes.  He  insisted  on  tlic  correspondence 
between  the  oeds  at  Armagh  and  those  of  Worcestershire  and  Shropshire.  As  to  the 
difference  between  the  old  Permian  drift  below  and  the  Quaternary  drift  above,  it 
reqaired  to  be  seen  to  be  appreciated,  and  was  hardly  susceptible  of  description. 
The  old  drift  was,  however,  reader,  and  bore  greater  traces  of  stratification  than  the 
newer  drift  above.  He  could  not  regard  the  Permian  Boulder  beds  as  belonging  to 
the  New  Red  Sandstone,  by  which  they  are,  in  fact,  overlain  at  the  city  of  Armagh 
itself.  A  few  limestone  pebbles  had  been  found  in  the  old  Boulder  beds,  but  none  of 
them  striated ;  but  he  did  not  consider  this  circumstance  as  of  much  importance. 
His  main  point  was  the  occurrence  of  Roth-todt-liegende  beds  in  Ireland,  where  only 
the  Zechstein  had  previously  been  known. 

2.  "  Geological  Notes  on  Griqualand  West."     By  G.  W.  Stow,  Esq.,  F.G.8. 

The  geological  results  of  a  journey  made  by  Mr.  G.  W.  Stow  and  Mr.  P.  H.  8. 
Orpen  from  the  Orange  Free  Slate  into  Griqualand  West  are  communicated  bv  Mr. 
Stow  in  this  paper,  with  numerous  carefully  executed  sections  and  a  geolojjical  map 
based  on  the  survey  map  prepared  by  Mr.  Orpen  for  the  Govemraent.  From  the 
junction  of  the  Hiet  and  Modder  Rivers  (south  of  the  Panneveldt  Diamond-fields) 
irestward  to  the  junction  of  the  Vaal  and  the  Orange,  over  the  Great  Campbell 
Plateau  to  Griquatown,  Ongeluk,  Matsfip,  Potgieter,  the  Langeberg,  Witte  Zand,  and 
to  Ehcis  and  the  Schurwe  Bergen,  the  track  traversed  three  decrees  of  longitude, 
but  nearly  300  miles  of  road.  The  return  route  north-east  to  Mount  lluxlcy  and 
Daniel's  kuil,  and  eastward  to  Likatlong,  on  the  Hart  or  Kolang  River,  was  nearly 
IB  long,  and  its  results  form  part  of  the  present  communication.  A  subsequent  por- 
tion of  the  journey  up  the  Hart,  across  to  the  Vaal,  down  the  valley  by  the  Diamond- 
ii^ings  of  Hebron  and  Klipdrift  to  the  Panneveldt,  will  be  treated  of  in  another  paper. 

From  the  Modder,  first  south-westward  and  then  westward,  to  the  junction  of  the 
Vaal  and  Orange,  the  olive  shales  of  the  Dicynodon-  or  Karoo-series,  traversed  fre- 
niently  by  igneous  rocks,  form  the  country,  and  are  seen  in  some  places  to  lie  uncon- 
^rmably  on  older  rocks.  The  shales  reach  to  the  edge  of  the  Campbell  Bandt,  on 
:he  other  side  of  the  Orange  Kiver,  and  have  been,  it  seems,  formed  of  the  debris  of 
.hose  old  hills  to  a  great  extent.    The  oldest  rocks  of  the  locality  are  seen  cropping 
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ont  here  and  there  in  the  forges  at  the  foot  of  the  Randt,  and  conaist  of  metamoipihie 
rocks,  greatly  denuded,  on  which  the  massiTe  and  extenaive  ailiceo-calcareons  strata  of 
the  Great  Campbell  Plateau  lie  unconformably.  These  latter  and  the  hracoiai  of 
their  slopes  are  coated  thickly  with  enormous  travertine  depoaita.  Beyond  the 
Plateau,  at  Griquatnwn,  a  long  parallel  range  of  jaspideoua  rocka  comes  ont  from 
beneath  the  Campbell  Plateau,  and  present  a  wonderful  group  of  yellow,  hrown, 
chocolate  and  red  jaspers,  with  magnetic  and  other  ironstone,  and  beautiful  seani  of 
blue  and  yellow  crociuolite.  The  southern  portion  of  this  range  has  long  been  known 
as  the  *'  Asbestos  Mountains  "  and  the  **  Doomberg."  Igneous  rock-massca  oeeor 
around  Ongcluk,  west  of  the  Jasper  range,  and  then  bright-red  jasper  rocks  crop  up 
near  Mat«^p,  succeeded  to  the  west  by  the  parallel  quartzite  range  of  Mats4p,  aad 
again  by  other  bedded  jaspers,  which  seem  to  lie  in  a  synclinal  of  Uie  quartzite  rocbt 
which  come  up  again  in  the  Lungeberg.  These  are  succeeded  by  lower  rocks,  am- 
sisting  largely  of  sandstone,  grit,  and  quartzite,  with  more  or  less  pervading  mica,  ii 
far  as  the  juumey  extended  in  the  Schurwe  Bergen,  also  parallel  to  the  former  ranges, 
The  maximum  tliickness  of  the  successive  strata  is  calculated  by  the  author  at  24,000 
feet ;  allowing  for  p^'ssible  reduplications,  the  minimum  is  regarded  as  not  leas  than 
9000  feft.  The  details  of  stratification,  successive  upheavals,  denudation,  nature, 
and  origin  of  the  salt-pans,  escarpments,  river-valle)'s,  and  other  features,  were  tfHited 
of  by  the  author,  who  has  supjnied  a  very  large  collection  of  specimens  illustrative 
of  tho  phenomena  observed  in  the  line  of  march,  and  of  his  numerous  sectiona,  maps, 
and  sketches. 

DiscustioH. — Prof.  Hull  suggested  making  thin  slices  from  the  limcatone  with  a 
view  to  microscopic  examination,  and  offered  to  carry  out  this  suggestion. 

Prof.  Hughes  obser%'ed  that  by  burning  a  limestone  and  suddenly  plunging  it  in 
water,  fossils  previously  invisible  were  sometimes  manifested. 

I'rof.  Rupert  Jones  pointed  out  some  interesting  lithological  characters  in  some  of 
the  micaceous,  jaspideouB,  and  other  rocks  sent  by  Mr.  Stow. 

3.  '*0n  some  Bivalve  Kntomostraca,  chiefly' Cypridinidse,  of  the  Carboniferou 
Formations."     By  Prof.  T.  Rupert  Jones,  F.R.S.,  F.G.S. 

Tho  larger  forms  of  bivalved  Entomostraca  are  not  rare  in  the  Carboniferous 
liimcstono,  and  some  occur  in  certain  shales  of  the  Coal-measures.  Profesfon 
Phillips,  M'Cov,  and  De  Koninck  have  figured  and  dcscribtKl  some  specimens.  The 
colk'Ctions  made  by  M.  J.  Bosnuet,  F.C.G.S.  (Belgium),  Mr.  Jo^'ph  Wright,  F.G.S. 
(Cork,  Ireland),  and  Mr.  J.  II.  Burrow,  M.A.  (Settle,  Yorkshire),  and  submitted  to 
the  author  and  liis  friend  Mr.  J.  W.  Kirkbv,  have  elucidated  many  obscure  points  in 
the  histor)'  of  these  old  Entomostraca.  Other  specimens  from  Scotland,  Yorkshire, 
Derbyshire,  and  the  Ible  of  Man,  communicated  by  many  friends,  were  treated  of  in 
this  paper. 

The  2«^ow»orf;«fAff»  of  M'Coy  proves  to  have  the  Cypridinal  characters  of  anterior 
sinus  and  gape  ;  and,  besides  Ii.  Scouleiij  at  least  two  sprcies  have  been  determined. 
A  very  closily  related  genus,  Off<t*  has  also  Wn  indicated.  M*Coy*s  ** Dapknia 
prinupi'ti "  belongs  to  Cypridiua  pn>per ;  and  twelve  other  Carboniferous  species  have 
been  established.  A  mtHiitlcd  form  of  carapace,  without  anv  exact  modern  analogue, 
charactorizis  tho  new  genus  Ci/pridinella,  with  seven  species.  De  Koninck's  genus 
Cypridtlla  (restricted)  has  seven  species ;  and  a  form  intermediate  to  this  and  Cypri' 
dina  is  described  as  Cyprid^llina,  with  eight  species.  Sulcutia  (with  two  species)  is 
an  exaggerated  modification  of  Cypridtlla.  Cyprtila  of  De  Koninck  (restricted)  has 
two  species.  The  recent  i?;Wi/f*«t7w«,  Sars,  and  PhilomedcH^  Lilljeborg,  appear  to 
have  their  prototypes  in  the  Carboniferous  Limestone,  with  one  species  each.  Rhom" 
bitiay  a  new  genus,  is  a  less  easily  recognized  Cypridinal  form,  with  an  Irish  and  a 
Belgian  s])ecies. 

The  recent  Polycope,  Sars,  belonging  to  a  different  family,  and  represented  by  three 
Carboniferous  s])ecies,  was  the  last  described  in  the  memoir  ;  but  Cytherrlla,  belong- 
ing to  an  allied  group,  is  known  in  the  Mountain-limestone  and  Coal-measures ;  and 
Lepcrdifia,  JSutomis,  Beyrichia,  Kirkbya^  and  other  Palaeozoic  genera,  abound,  to- 
gether with  forms  referable  probably  to  Cythere,  Cypris,  Candona^  etc,  which  will  be 
treated  of  in  a  future  paper. 

JDiseumon. — Mr.  Gwyn  Jeffreys  inquired  as  to  the  greatest  depth  at  which  recent 
marine  Entomostraca  had  occurred.  So  far  as  he  knew,  they  were  abundant  in  the 
Littoral  and  liaminarian  zones,  and  very  scarce  in  the  Coralline.  He  was  not  aware 
of  their  occurrence  at  a  great  depth. 


Oeologkal  Society  of  London.  828 

Prof  T.  Rapert  Jones  stated  that  in  the  Oarboniferons  limestone  the  Cypridinida 
^uently  occur  in  layers,  but  he  thought  these  were  deposited  at  no  great  depths 
nocNibly  not  more  than  100  fathoms.  The  greatest  depth  from  which  he  had  seen 
^tomostraca  from  the  Atlantic  was  upwards  of  1000  fathoms.  These,  howeyer, 
belonged  to  different  genera  from  those  which  he  bad  been  describing.  Their  modem 
xmgeners,  though  mounting  to  the  surface  in  the  evening,  no  doubt  descended  to 
sonaiderable  depths  during  we  day. 

(2).— May  14th,  1878.-^Ofleph  Prestwich,  Eso.,  F.B.S.,  Vice- President,  in  the 
I^nair. — The  following  communications  were  read  : — 1.  **  On  the  genus  Palmoeoryn*^ 
Duncan  and  Jenkins,  and  it  Affinities."  By  P.  Martin  Duncan,  M.  B.  Lond.,  F.B.S., 
T'.P.G.S.,  Prof,  of  Geology  in  King's  GoUeget  London. 

In  this  paper  the  author  referred  to  certain  minute  fossils  from  the  Carboniferous 
rocks  of  Gotland,  described  by  himself  and  Mr.  Jenkins  in  a  paper  read  before  the 
Eloyal  Society,  as  belonging  to  the  Hydroida,  and  most  nearly  resembling  the  recent 
renus  Bimena^  Wright.  He  stated  that  numerous  specimens  since  received  from  the 
Geological  Society  of  Scotland  threw  some  farther  light  on  the  nature  of  these  fossils, 
ind  showed  especially  that  in  all  probability  the  base  is  not  really  oellular,  but  that 
^e  cellular  appearance  is  produced  by  the  growth  of  the  real  base  of  the  polype  over 
the  cells  of  the  Fenest^lla  on  which  it  ^rows.  The  author  farther  described  what  he 
believed  to  be  the  mode  of  growth  of  this  organism,  as  displayed  in  the  new  specimens. 

2.  '*  Notes  on  Structure  in  the  Chalk  of  the  Yorkshire  Wolds.'*  By  J.  B.  Mortimer, 
ESsq.  Communicated  by  W.  Whitaker,  Esq.,  F.G.S.  In  this  paper  the  author  de- 
Bcxibed  a  peculiar  structure  observable  in  chalk  from  Yorkshire  and  elsewhere,  giving 
it  a  striated  appearance.  This  structure  had  been  ascribed  bv  Dr.  Mackie  and  others 
to  slidkensides.  The  author  adduced  reasons  for  doubting  the  mechanical  origin  of 
these  striations,  and  argued  that  they  are  of  an  orffanio  nature^  He  ascribed  them  to 
corals,  and  remarked  that  similar  strise 'occur  in  all  limestone  formations. 

IHseussion. — Prof.  Duncan,  though  differing  entirely  from  the  author,  had  been 
itruck  with  the  reasons  which  he  had  for  his  surmises.  He  exhibited  some  speci- 
mens of  recent  West-Indian  Corals,  which  offered  at  first  sight  much  resemblance  to 
the  character  shown  in  the  Chalk.  It  was  to  be  observed  that  no  reef-building  corals 
are  occupants  of  the  deep  seas,  in  which  there  is  little  doubt  the  Chalk  was  deposited. 

Mr.  H.  Woodward  thought  that  in  one  or  two  instances  apseudomorph  oftiSiphonia 
might  be  discerned.  He  could  not,  however,  accept  the  fibrous  structure  as  organic. 
It  appeared  to  him  to  result  from  mechanical  causes. 

Mr.  Whitaker  read  a  note  from  Mr.  Judd,  whoheld  that  these  specimens  were  not 
due  to  any  organic  origin.  The  quasi-crystalline  structures  known  as  "oone-in- 
cone,"  or  **  beef,"  seenied  to  him  closely  related ;  and  in  the  Yorkshire  Chalk  an  in- 
cipient crystallization  of  this  kind  had  been  set  up ;  and  the  fact  of  its  existence  sub- 
sequently developed  by  the  solvent  action  of  the  water,  without  which  it  might  have 
remained  latent  in  the  body  of  the  Chalk.  In  one  instance  the  fibrous  structure  of  a 
portion  of  the  shell  of  an  Inoceramus  was  continuous  with  that  of  the  matrix.  Mr. 
Whitaker  was  glad  that  the  author  had  called  attention  to  the  subject,  and  thought 
that  all  would  go  with  him  in  doubting  that  the  structure  was  due  to  slickensides.  He 
mentioned  the  presence  of  similar  stria)  in  the  Chalk  of  Surrey.  Another  observer  had 
called  attention  to  the  greater  abundance  of  the  markings  in  the  neighbourhood  of 
fissures  than  in  the  solid  Chalk. 

Mr.  Evans  mentioned  the  occurrence  of  similar  structure  in  the  Chalk  of  Hertford- 
shire. The  portions  of  the  rock  in  which  it  occurred  are  usually  harder  than  the 
tnrrounding  rock ;  and  in  some  cases  the  structure  might  be  seen  to  pass  into  that  of 
the  ordinary  chalk.    He  considered  it  to  be  mainly  due  to  chemical  causes. 

The  Chairman  suggested  the  desirability  of  analysis  to  determine  whether  there 
was  any  difference  in  the  chemical  constitution  of  tiie  fibrous  and  non-fibrous  chalk. 

Mr.  Forbes,  referring  to  the  possibility  of  this  structuro  being  due  to  crystallization, 
thought  its  occurrence  in  the  harder  parts  of  the  chalk  in  favour  of  this  view ;  chalk 
being  a  nearly  pure  carbonate  of  lime,  might  crystallize  either  as  calcite  or  aragonite. 
The  specimens  in  question  showed  no  trace  of  tho  peculiar  cleavage  of  calcite,  but 
had  a  strongly  developed  fibrous  structure  resembling  aragonite ;  and  as  this  mineral 
is  the  most  instable  form  of  crystalline  carbonate  of  lime,  it  would  account  for  its 
mbsequent  amorphous  condition.  He  thought  as  these  specimens  were  more  com- 
Dkonly  found  near  points,  that  pressure  had  also  assisted  in  rendering  this  structure 
more  visible,  and  tnat  the  structure  itself  might  be  accounted  for  by  a  combination  of 
the  forces  of  crystallization  and  mechanical  pressure. 

8.  **  On  Platysicurum  selerocephalum  and  Falaosjoinax  prUcuSf  Egerton."  By  Sir 
Philip  de  Malpas  Grey-Egerton,  Bart.,  M.P.,  F.K.S.,  F.G.S.  The  two  species  of 
fosnl  Fidies  noticed  in  this  paper  were  described  by  the  author  in  the  18th  Decade  of 
the  Memoirs  of  the  Geological  Survey,  published  in  1872.    They  are  both  from  the 
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lias  of  Lyme  BejnB*  He  now  dMcribed  some  new  epeoimeiui  wluoh  add  to  our  knov- 
led^^o  of  their  charaoten.  An  example  of  FlatftUymm  ahowi  the  poeition  of  the 
dorsal  lin,  which  ie  placsed  very  far  back,  oocopying  a  plaoe  opponte  to  Che  xatervil 
between  the  Tentral  and  anal  fins,  and  the  form  of  toe  troak,  which  ia  of  bmu^ 
nnifurm  depth  from  the  oooipot  to  the  baie  of  the  donal  fin.  The  itructuge  of  the 
dorsul  fin  was  described  in  detaiL  llie  new  specimen  of  PaJUntpinas  pritau  dmn 
especially  the  position  of  the  second  dorsal  spine,  which  is  pUoed  OT«r  the  fiftisih 
▼crtcbra.  the  first  being  on  the  16th,  the  fish  thus  most  nearly  approaching  the  ezisdng 
Catracion,  which  it  alsio  resembles  in  its  dentition.  In  other  reqpeeti  it  ■nnmi  to  be 
most  nearly  allied  to  AcanthioM. 

Discussion, — Dr.  Gimther  observed  that  the  families  of  sharka  were  most  ahai^ 
characterized,  and  especially  that  of  the  Spinacids  was  a  Torj  natoxal  grovp.  K 
did  not  in  tiie  instance  cited  donbt  tlie  absence  of  a  separate  anal  fin,  whioh  was  qm 
of  the  characteristics  of  the  Spinacido. 

Ho  drew  attention  to  the  fact  that  the  spined-sharks showed  serezml  aingnlar  pees- 
liarities  with  regard  to  their  geographical  distribution.  Some  belonged  to  the  deep 
sea.  and  were  fonnd  at  a  depth  of  800  &thoms,  while  others  were  even  mora  tr^ 
polatfjc  forms,  and  never  approached  the  shore.  Some  were  ibcmd  both  in  the 
northern  and  soathem  hemispheres  so  similar  that  specimens  from  the  Britisb  sesi 
and  frum  the  Straits  of  Magellan  and  Australia  could  not  be  distingaiahed.  TUi 
geographical  distribution  was  of  great  importance  in  considering  the  palnontolqgifld 
as]K*ct  of  such  a  case. 

4.  ''  On  a  New  Genus  of  SQurian  AsteriadsB."  By  Thos.  Wright,  H.D.,  FJRAJE^ 
F.G.S. 

The  epccimen  described  showed  the  outline  of  a  small  Starfish,  with  a  large  diik 
and  filiort  rays,  in  a  slab  of  Wenlock  Limestone  from  Dudley.  The  outline  of  the  fm 
rays  was  described  as  marked  out  by  the  border  of  small  triangnlar  spinea,  the  other 
plates  of  the  disk  and  rays  being  absent.  I!ach  ray  was  terminated  by  a  slemliks 
niultiarticnlate  process  as  long  as  the  ray,  from  towards  the  extremitr  of  which  mao^ 
slender  lateral  processes,  giving  it  a  toiled  appearance.  This  Starfish,  which  ia  m  As 
collection  of  Dr.  Grindrod,  is  named  by  the  author  Tridioiatter  pltun^wtniM. 

JJiscussioH. — Mr.  H.  Woodward  was  somewhat  doubtful  as  to  the  affinities  of  the 
specimen,  the  presorration  of  which  appeared  to  him  hardly  sufficient  for  its  spedfie 
detorniinaiion,  though  of  all  men  Dr.  Wright  was  the  best  qualified  for  such  a  task. 

(3) —May  28th,  1873.— Prof.  Ramsay,  P.R.S.,  Vice-President,  in  the  Chair.— The 
following  communications  were  read: — I.  "llio  Glaciation  of  the  Northern  part  of 
the  Uiko-district."     By  J.  ClUXon  Ward,  Esq..  P.G.S. 

Th<>  author  stated  the  leading  questions  to  be  settled  by  his  investigntaon  of  the 
nnrlliorn  part  of  the  Lakc-dietrict  as  follows : — The  fact  of  the  glaciation  of  the 
diBtiict  being  granted,  (and  of  this  ho  adduced  abundant  evidence,)  the  quosticms  that 
aro(:e  were  whether  tlio  glaciating  agent  worked  from  north  to  soutn,  whether  it 
canio  from  within  or  from  without  the  district,  and  finally,  whether  the  agent  wis 
floating  ice,  a  system  of  local  glaciers,  or  an  unbroken  ice-cap.  As  the  result  of  his 
invoKti^ation,  he  maintained  tliat  there  is  no  evidence  tliat  a  great  ice-cap  firom  the 
north  ever  swept  over  this  district.  The  ice-scratches  trendug  along  the  principal 
vallc}8,  but  sometimes  crossing  watersheds,  indicate  a  great  confluent  glacier-sheet, 
at.  01)0  time  almost  covering  a  great  part  of  the  district,  the  movement  of  which  wss 
dt'ttriiiiiied  by  the  principal  water-shed  of  the  Lake-district  In  the  part  of  the 
liiiko-district  under  conriaeration  the  ice,  during  its  increase,  carried  forward,  fxom 
sout  h  to  north,  a  great  quantity  of  rock^  material.  There  are  no  signs  in  the  district 
of  til e  occurrence  of  mild  periods  during  the  epoch  of  primarv  glaciation,  but  the 
aullior  tiiought  that  the  climate  had  probablv  become  moderate  before  the  great  sab- 
nuTfTi'iice  of  the  land  commenced.  The  author  noticed  tlie  effect  of  the  submcrgenoe 
ufxiii  the  results  of  previous  glacial  action,  and  maintained  that  when  the  land  had 
Fiink  MIO  or  DOO  feet  there  was  a  recurrence  of  cold,  and  boulders  were  transported  by 
fif>atiiit;  ice.  Until  the  submergence  reached  1500  feet  there  was  no  direct  commu- 
nication between  the  northern  and  southern  halves  of  the  Lake-district  except  by  the 
8ti-uit8  ot  Dunmail  Raise.  From  the  directions  which  would  bo  taken  by  the  cur- 
rciitH  in  the  sea  at  tliis  period,  it  would  appear  that  boulders  may  then  have  been 
transpDftod  by  floating  ice  in  some  of  tlie  same  din^ctions  as  they  had  previously  been 
earned  by  glacier-ice.  Tlie  extreme  of  submergence  appeared  to  have  been  about 
2(M)0  i'oet.  1'ho  author  further  maintained  that  on  the  re-elevation  of  the  district  there 
was  a  PHCond  land-ghiciation,  affecting  the  higher  valleys  and  clearing  them  of 
marine  drift. 

DiscuKKiON. — Mr.  Campbell  expressed  his  general  agreement  with  the  riewsof 
tlio  author,  though  ho  was  not  acquainted  with  the  particular  district  described.  The 
onlv  question  was,  whether  the  valleys  had  been  filled  to  such  an  extent  by  water 
ur  by  ico.  lie  was  rather  inclined  to  consider  the  phenomena  quite  as  mudi  in 
accordance  with  a  general  ioo-oap  aa  with  a  submergenoe  sach  as  that  saggested. 
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^6  Chairmui  oomplimented  the  aaihor  an  the  careful  manner  in  whioh  he  had 
worked  ont  hia  sobject.  He  thought,  however,  that  many  of  the  principal  featares 
deMribed  had  already  been  aketched  oat^  tiiongh  no  doubt  muon  knowledge  had 
been  added  aa  to  detaila.  Ab  to  the  question  of  general  glaciation,  he  thought  it  pro- 
bable that  much  of  the  northern  part  of  Europe  had  at  one  time  been  coated  with 
ice,  and  to  inch  an  extent  that  it  occupied  the  greater  part  of  the  bed  of  the  shallow 
•eaa.  But  even  if  there  were  this  great  ice-sheet,  and  the  general  direction  of  its 
flow  was  from  north  to  south,  ^et  uiere  might  in  the  body  of  the  ice  be  upper  and 
onderourrents,  going  to  a  certain  extent  in  opposite  directions,  and  mainly  guided  by 
llie  surface  configuration  of  the  unround  beneath.  He  thought  that  some  nraco  of  this 
might  be  found  in  existing  alpine  regions,  and  that,  especially  in  deep  yalleys,  the 
upper  portion  of  the  ice  must  of  necessity  have  had  a  tendency  to  pass  over  that 
wtuch  occupied  the  bottom  of  the  valley.  With  regard  to  oscillation  of  temperature 
and  of  level,  he  agreed  with  the  author,  and  was  glad  to  find  that  hia  views  as  to  a 
aabmergence  of  about  2000  feet  so  nearly  corresponded  with  his  own.  So  long  as 
marine  remains  were  found  from  stage  to  stage  in  a  certain  class  of  deposits,  the 
probability  of  similar  deposits  at  a  higher  level  being  also  marine,  was  so  groat  that 
it  almost  amounted  to  certainty.  He  considered  that  the  importance  of  the  latter 
part  of  the  Olacial  period  was  liable  to  be  underrated,  but  it  was  well  evinced  by  the 
depth  (m  some  cases  amounting  to  1400  feet)  to  which  some  valleys,  such  as  those  of 
North  Wales,  appeared  to  have  oeen  fiUed  with  ice  ailcr  the  re-emergence  of  the  land. 

Mr.  Ward,  in  reply,  stated  &at,  though  he  had  found  striations  to  a  height  of  2000 
to  250Q  feet,  he  had  not  found  them  on  the  highest  summits  of  the  mountains,  where, 
on  the  hypothetia  of  a  general  ice-sheet,  they  ought  to  have  occurred.  He  was  there- 
fore not  at  present  prepared  to  accept  the  use-cap  theorv.  In  illustration  of  Prof. 
Bamaay*a  view  as  to  the  lato  glacial  aeposits,  ho  instanced  some  of  the  nsoraines  at  a 
high  level  in  the  Lake-district,  which  belonged  to  the  period  when  the  land  was  still 
snbmerged  to  a  depth  of  ISOO  feet  or  so,  and  when  the  cold  olimato  was  again 
sapervening. 

2.  "Alluvial  and  Lacustrine  Deposits  and  Alluvial  Becords  of  the  Upper  Indus 
fiaain."    By  Frederic  Drew,  Ek}.,  F.6.S. 

First  stating  that  the  allorium  of  that  country  had  been  noticed  by  several 
travellers,  eapecially  by  Major  Gk>dwin-Auston,  who  had  given  much  important 
information  about  them,  the  author  said  that  he  felt  the  neccasity  for  a  careful 
claaaification  of  the  phenomena  of  alluvial  deposits,  for  the  want  of  recognition  of  the 
dijflferent  kinds  was  likely  to  lead  to  incorrect  deductions ;  the  classification  ho  pro- 
poaed  was  the  following  :— 

I.  LooaeMd  materia^  which  consisted  of  disjointed  rooks  or  loose  angular  stones, 
•ometimea  mixed  up  with  mud,  which  had  been  aeparated  and  disintograted,  but  since 
that  had  remained  wnmoved. 

II.  Talusea,  the  substance  of  which  had  fallen  by  its  own  weight,  and  not  been 
transported  by  streams.  These  were  tho  great  heaps  of  angular  matter  that  were 
fonna  at  the  foot  of  cliffs,  with  a  slope  generally  of  near  85°.  A  special  form  was  the 
fkn-talua,  which  occurred  where  the  falling  matter  had  either  originated  from,  or 
collected  to,  one  spot,  from  which  again  it  spread,  and  made  a  partial  cone  of  the  same 
dope  aa  the  ordinary  taluses. 

III.  AUuvial  Fans. — ^Thcse  were  the  fan -shaped  extensions  of  alluvial  or  torrential 
matter  that  spread  out  from  the  mouths  of  gorges,  where  these  debouched  into  a 
more  open  valley.  They  were  in  form  cones  of  a  low  angle,  commonly  of  5°  or  so ; 
they  had  accumulated  by  layer  after  layer  on  a  cone-shaped  surface,  as  shown  by  the 
radial  aections  exhibiting  layers  of  a  straight  slope,  and  the  chord  sections  showing 
curves,  which  wore  by  the  theory  hyperbolas.  Many  complicated  phenomena  were 
produced  by  the  denudation  of  these  fans,  and  tho  production  of  secondary  ones, 
some  of  which  were  illnstratod  by  diagrams. 

ly.  Alluvium^  which  was  defined  as  a  deposit  which  sloped  down  the  direction  of 
the  valley  of  the  stream  which  had  made  it,  and  did  not  appreciably  slope  or  curve 
over  in  a  direction  at  right  angles  to  that. 

The  allurium  of  the  country  in  question  consisted  mostly  of  pebble-beds,  well 
stratified ;  it  was  common  at  all  heights,  irom  16,000  feet  or  more  downwards 
Sections  of  some  100  feet  thick  wore  to  be  observed  at  intervals  along  the  valleys  of 
moat  of  tiie  rivers :  one  of  500  feet  was  described  as  occurring  near  Sumkiel,  in 
Bupahu ;  and  200, 300,  and  400  feet  heights  of  the  alluvial  terraces  above  tho  rivers 
were  very  general. 

In  a  few  cases  there  were  wider  openings,  filled  with  similar  deposits.  The  table- 
land of  Deosa'i,  where  the  alluvium  made  flats  at  an  elevation  of  12,500  and  13,000 
feet,  surrounded  by  a  ring  of  mountains  of  16,000  and  17,000  feet  high,  was  the  most 
remarkable  of  these. 
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A  special  phenomenon  was  deecribed  as  now  and  then  oeourriug  in  the  allnnTim, 
namely,  a  slopinff  of  the  allavial  strata,  looking  at  first  like  (klie-bedding  on  a  laifs 
scale ;  and,  further,  a  corrinff  or  bending  of  them,  till  they  reached  roond  efcn 
beyond  the  perpendicular.  'Ihis  the  author  attribated  to  the  iilooghing  of  the  foot 
of  a  glacier  against  the  allnvinm  that  had  been  formed  in  front  of  it  bj  its  own 
streams. 

The  last  class  of  allavial  deposits  wonld  be  the  lacudrine;  bat  a  description  of  these 
was  reserved  for  a  future  portion  of  the  paper. 

Summary  and  Inferences. — ^There  was  evidence  of  a  saeoessioin  of  tliree  states >- 
let.  The  cntting  of  the  valleys.  2nd.  The  accumulation  of  allavial  matter.  Srd. 
The  cutting  down  of  the  streams  through  that  alluvial  matter. 

Accumulation  denotes  an  excess  of  supply  of  material  from  the  'rooks  (bj  dioft- 
togration)  over  what  can  be  carried  swav  bv  the  streams. 

Denudation,  or  the  cutting  down  of  the  streams  through  their  allaviam  (the 
lowering  of  their  beds),  denotes  a  deficiency  of  supply  of  material  6rom  the  rocks  ai 
compared  with  the  transporting  power  of  the  streams.  Henoe  the  aathor  inloTsd 
that  the  period  of  great  accumulation  of  these  alluvial  deposits  was  one  of  ziuX 
disintegration  of  rocks,  one  of  intense  frost;  in  other  words,  it  was  the  Gwaal 
period,  and  that  the  denudation  occurred  when  the  oold  lessened,  and  there  came  to 
DO  a  smaller  supply  of  disintegrated  material. 

The  connexion  of  various  glacial  phenomena  with  the  allnvinm,  sooh  as  the  ooe 
described  above,  was  taken  to  corroborate  the  inference  that  the  greater  depositi 
were  made  during  the  Glacial  epoch. 

Discustion, — Mr.  Sowerby  confirmed  the  observations^of  the  aatiior,  and  said  that 
the  phenomena  described  bv  him  are  not  confined  to  the  valley  of  the  Indna,  bat  that 
they  occur  in  other  parts  of  India. 

Mr.  Blanford  remarked  that  the  peculiarity  <}f  the  region  of  High  Asia  is  the 
enormous  amount  of  alluvial  deposit»-~enormous  both  as  regards  their  tfii«*fctiw  ud 
the  area  they  occupy.  This  peculiarity  is  rendered  the  more  striking  as  the  deposits 
are  not  concealed  by  vegetation.  He  remarked  upon  the  absence  of  sbatifioatiaa  ia 
the  fan -shaped  and  other  deposits,  and  at  the  mouths  of  streams.  He  €lp^esMl^ 
himself  not  quite  satisfied  that  glaciers  were  the  cause  of  the  contorted  beds  lefeired 
to  by  Mr.  Drow.  Tlio  accumulation  of  great  masses  of  deposits  700—600  feet  thick 
he  thought  was  frequently  due  to  landslips,  and  he  stated  that  he  had  seen  sodi 
extending  to  200  feet  in  thickness. 

Mr.  Clifton  Ward  stated  that  ho  had  frequently  found  it  difficult  to  «ii«fcitigni^  the 
deposits  at  the  mouth  of  streams  from  true  alluvial  beds. 

The  Chairman  remarked  that  the  phenomena  described  by  Mr.  Drew  were  to  be 
obsiTvod  elsewhere  than  in  the  district  where  his  observations  had  been  made,  and 
referred  to  examples  both  in  this  country  and  on  the  continent  of  Europe. 

Mr.  Drew  briefly  replied. 

(4).— June  11,  1878.— Prof.  Bamsay,  P.B.S.,  Vice-President,  in  the  Chair.— The 
following  communications  were  read  : — 1.  *'  On  the  Nature  and  probable  Orinn  <X 
the  superficial  Deposits  in  the  Yalleys  and  Deserts  of  Central  rersia."  By  W.  T. 
Blanford,  Esq.,  F.G.S. 

In  this  paper  the  author  described  the  general  characters  of  the  snpeificial  depositi 
of  Central  Persia,  and  noticed  the  physical  geography  and  rainftdl  of  that  ooontry. 
Ho  described  especially  the  desert  plains  of  the  interior  of  the  coun^,  the  nancity 
and  scantiness  of  the  streams,  most  of  which  terminate  in  salt  swamns  anci  lakes, 
and  the  occurrence  of  vast  slopes  of  gravel  on  the  margins  of  the  aesert  plains, 
covering  up  the  junction  of  the  latter  with  the  surrounding  mounteins.  The  desert 
plains  he  regarded  as  in  general  the  beds  of  ancient  lakes.  His  general  resolts  may 
bo  summed  up  us  follows: — Persia  has  undergone  a  gradual  change  from  a  moister 
to  a  drier  climate  simuItaDOousIy  wfth  the  elevation  of  nortions  of  its  snrface,  result- 
ing first  in  the  conversion  of  old  river- valleys  into  inclosed  basins  containing  large 
lakes,  probably  brackish  or  Bait.  Then,  as  the  rainfall  diminished,  the  lakes  gradually 
dried  up,  leaving  desert  plains.  The  amount  of  subacrial  disintegration  am<nig  the 
rocks  ot  tlio  high  ground  he  considered  to  be  in  excess  of  the  force  available  for  its 
removal,  the  water  which  now  falls  only  sufficing  to  wash  the  loosened  materials  from 
the  steeper  slopes  into  the  valleys,  and  hence  the  valleys  in  the  umper  parts  are 
gradually  being  filled  up  with  coarse  gravel-like  detritus,  just  as  their  lower  portions 
have  been  already  hidden  beneath  lake-deposite. 

Discussion. — Mr.  Prestwich  could  hardily  nnderstend  how,  without  a  very  close  ex- 
amination, it  could  be  ascertained  that  there  were  no  outlets  from  the  piains  which 
had  been  mentioned.  If  by  any  possibility  there  were  such  outlete,  great  difficulty 
would  arise  in  accepting  the  theory.  Ho  was  not  quite  satisfied  as  to  the  evidence  oi 
the  tliickness  of  tho  deposits  on  the  slopes,  and  inquired  as  to  the  presence  of  organio 
remains. 


Chohgicai  Society  of  London.  327 

The  Chairman  had  been  mnoh  strnok  with  the  paper,  though  it  was  confessedly  a 
rapid  sketch  of  the  country.  Persia  might  indeed  be  renirded  as  a  typical  example 
in  an  exaggerated  form  of  what  was  taking  place  in  all  dry  areas.  There  are  scat* 
tered  inland  salt  lakes  and  large  tracts  of  desert  sands,  surrounded  by  immense 
moontain-ranges,  snggestire  of  areas  like  those-of  the  Dead  Sea,  the  Caspian,  and 
the  Aral,  in  which  tiie  evaporation  equalled  the  supply  of  water  derired  from  the 
rainfall,  and  where  in  consequence  the  lakes  were  salt.  In  many  cases  such  lakes 
had  become  filled  with  sediment,  while  others  have  absolutely  ceased  to  exist  from 
want  of  rainfall.  As  to  the  causes  of  the  formation  of  the  gravels,  he  agreed  with 
the  author  that  on  so  large  a  scale  any  ordinary  river-theory  appeared  almost  inap- 
plicable, and  he  was  content  to  confess  that  at  present  it  appeared  to  him  difGLcult  to 
account  for  their  existence.  The  history  of  the  Oxus  was  well  known,  and  its  banks 
had  been  the  scene  of  constant  invasion  and  disturbance,  though  they  had  in  early 
times  been  occupied  by  large  populations.  He  thought  that  in  old  times  the  Oxus 
mi|fht  have  been  banked  up,  like  most  rivers  alone  which  there  is  an  extensive  popu- 
lation, and  that  possibly  it  was  in  consequence  of  the  giving  way  of  such  banks  that 
its  course  had  been  altered.  Its  condition  might,  he  thought,  have  been  like  that  of 
the  Po  at  the  present  day,  the  bed  of  which  was  now  above  the  neighbouring  plains, 
and  which  a  few  years'  neglect  would  divert  from  its  course,  so  as  to  cover  the  sur- 
rounding country  with  ruin. 

The  author,  in  reply,  stated  that  from  the  small  plains  there  were  certainly  no 
outlets,  and  that  in  all  probability  there  was  none  also  from  the  great  central  plain 
c^  Persia.  This  had  indeed  been  barometrically  surveyed  in  various  directions,  and 
it  was  found  that  a  large  part  of  its  centre  was  at  a  lower  level  than  any  part  of  the 
surrounding  country.  The  slope  of  gravel  at  the  edges  of  the  deserts  usually  rested 
on  the  laciutrine  deposits ;  and  though  there  was  in  some  cases  a  difference  of  2000 
feet  between  their  highest  and  lowest  parts,  it  was  impossible  to  speak  with  certainty 
as  to  their  absolute  thickness.  He  was  not  aware  of  any  organic  remains  having 
been  found  in  the  deposits,  but  they  had  as  yet  been  but  little  examined.  Though 
the  majority  of  the  lakes  were  decidedly  salt,  there  were  two  exceptions — the  lake  of 
Gotcha  and  that  of  Seistan.  The  greater  portion  of  this  latter  was  now  a  marsh,  and 
though  there  was  no  outlet  it  was  perfectiy  fresh.  For  this  circumstance  he  was  not 
prepared  to  account,  but  there  appeared  to  be  no  doubt  on  the  subject.  With  re|^rd 
to  uie  Oxus,  there  must  have  been  a  time  before  Central  Asia  was  highly  civilised, 
when  the  river  ran  freely  through  the  country  unconfined  bv  artificial  means ;  and  he 
thought  it  possible  that  at  that  time  its  lower  part  afforded,  an  outlet  from  the  sea  of 
Aral  to  the  Caspian.  With  a  greater  rainfall  he  thought  the  water  of  the  sea  of 
Aral  would  find  its  way  along  the  old  course  of  the  Oxus  into  the  Caspian  Sea. 

2.  '*  On  Caryopkyllta  Br^lai,  Milne-Edwards  and  Haime,  from  the  Bed  Crag  of 
Woodbridge."    By  Prof.  P.  Martin  Duncan,  M.B..  P.R.8.,  V.P.G.S. 

The  author  recorded  the  occurrence  in  the  Bed  Crag  of  the  Woodbridge  district  of 
a  variety  of  Caryophyllia  Bredai^  Milne-Edwards  and  Haime.  Tfie  species  was 
originally  described  from  the  Maestricht  Chalk,  and  the  specimen  referrea  to,  which 
was  obtained  bv  Mr.  E.  Charlesworth,  appears  to  be  a  remani4  fossil,  derived  from 
the  uppermos£  beds  of  the  Chalk,  some  traces  of  which  still  remain  in  the  neighbour- 
hood of  Norwich. 

IHscussian. — Mr.  Charlesworth  made  some  comments  on  the  difficulty  of  ascertain- 
ing the  exact  locality  at  which  Crag  fossils  were  found.  He  mentioned  that  in  former 
▼ears  he  had  found  Cretaceous  fossils  in  the  Crag ;  but  from  the  matrix  they  contained, 
he  had  determined  them  to  be  derivative.  He  commented  at  some  length  on  the 
liability  to  erroneous  conclusions  which  might  result  to  paleeontology  from  this  inter- 
mixture of  remains  belonging  to  different  periods,  and  also  on  the  errors  which  arose 
from  too  great  a  tendency  to  regard  fossils  as  derivative  when,  like  the  cetotolites  of 
the  Crag,  they  actually  belonged  to  the  beds  in  which  they  occurred.  He  regarded 
the  coral  as  derivative. 

3.  *'  On  the  Cephalopoda -bed  and  the  Oolite  Sands  of  Dorset  and  part  of  Somerset." 
By  James  Buckman,  Esq.,  F.L.S.,  F.G.S. 

In  this  paper  the  author  discussed  the  true  position  of  certain  beds  containing 
abundant  remains  of  Cephalopoda,  found  in  various  parts  of  the  Jurassic  region  of 
this  country,  and  of  the  sandy  bed  underlying  the  Inferior  Oolite  at  Cleeve  Hill  and 
other  places  (called  by  Prof.  Phillips  the  '*  Midford  Sands"),  which  has  been  regarded 
by  most  authors  as  l>elonging  to  the  Lias.  From  an  investigation  of  the  Cephal- 
opoda-bed in  quarries  at  Bradford  Abbas  in  Dorsetshire,  the  author  comes  to  the 
conclusion  that  it  is  quite  distinct  from  the  Cephalopoda -bed  of  Gloucestershire,  and 
that  it  is  the  representative  of  the  Bubbly  Oolite  at  the  top  of  Leckhampton  Hill 
and  Cold  Comfort,  and  of  the  Gryphite  and  Tmonia-beds  of  the  neighbourhood  of 
Cheltenham.  The  Gloucestershire  CephaJopoda-l>ed  he  regards  as  situated  close  to 
the  bottom  of  the  Inferior  Oolite  series ;  and  this  is  also  uie  position  to  which  he 
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refen  the  Mndj  beds  alxnre  mentioned. 

/XAnunoii.— Prof.  Duncan,  though  aooeptinif  ■ones  u  naefnl  in  rtrmftisniplua] 
amn^ment,  tfj^reed  with  the  author  that  uiey  oonld  not  be  need  for  fixing  havi  ud 
fiut  lines  of  demarcation. 

Mr.  Evans  pointed  out  that  the  main  Question  at  issue  waa  whether  the  waAj 
bods  below  the  Cephalopoda-bed  of  Bradford  Abbas  were  reallj  the  eqniYaleatioiF 
those  which  were  found  above  the  analogous  bed  in  Glouoesterahire. 

The  Chairman  regretted  the  absenoe  of  Fellows  more  especiallj  intereated  in  fta 
quf'rtion.   For  himself,  ho  regarded  it  as  impossible  to  correlate  particular  sones  oior 
any  large  area,  and  thought  that  the  whole  neries  might  be  considered  as  pasMjpi 
be>U,  the  order  of  which  mitrht  vanreren  within  a  limited  distance. 

4.  **  C^arthrofaurui  Watkeri  (Seelej).  an  Ichthyosaurian  from  the  Cambiidgs 
Upper  Greenaand."    By  II.  G.  Seeley.  Esq.,  F.L.S..  F.G.S. 

In  this  T>aper  the  author  described  a  small  Ichthyosaurian  femur,  diaooversd  by 
Mr.  J.  F.  Walker  in  the  Upper  Greensand  of  Cambridge.  He  noticed  the  gencru 
characteristics  of  tlie  femur  in  Ichthyosaurians,  and  pointed  out,  as  the  daef 
peculiarities  of  the  bono  that  he  was  describing,  the  suborate  form  of  ita  head,  tad 
the  presence  of  large  flattened  lateral  trochanters^  which^  if  of  equal  dimensioosoi 
both  ^ides  of  the  lione.  would  have  made  its  greatest  transverse  measarement  grettn 
than  its  length.     Ur^^n  this  bone  he  proposed  to  found  a  new  genus,  Cetarthrotamru. 

JHnmsswn. — Sir  P.  Egerton  was  inclined  to  regard  the  trochanters  as  veitietl 
rather  than  as  lateral. 

Mr.  Seeley  remarked  that  in  callinir  the  two  trochanters  lateral,  he  was  guided  bf 
the  position  in  which  it  appeared  to  him  that  the  limbs  were  carried  dniing  the  fin 
of  the  animal. 

III. — Geologists*  Association. 

Excursion  to  Charlton.  April  26th.— The  well-known  section  ahowing  the 
junction  of  the  English  Secondaries  and  Tertiaries  was  visited  by  a  very  numeroni 
partv,  under  the  direction  of  Prof.  Morris,  who,  in  an  excellent  lecture,  described  ths 
Chalk  and  the  Lower  Eocenes,  with  their  foreign  equivalents.  Leaving  this  section, 
the  Professor  conducted  the  members  to  that  nearer  the  town  of  Woolwich,  whidi 
well  displays  the  Shell-beds  of  the  Woolwich  and  Reading  series,  with  Thanet  Sands 
below,  overlying  the  Chalk.  Oslrea  and  Cyrena  form  the  great  mass  of  the  Shell- 
beds,  but  the  genera  Mclania  and  Cerithium,  especially  the  former,  are  well  repre- 
sented. 

Excursion  to  Atlesburt.  May  5th. — Prof.  Morris,  in  the  unavoidable  absence 
of  Mr.  W.  Whitaker,  B.A..  conducted  the  party.    The  Hartwcll  exposure  of  the 


Kimmcridge  Clay,  yielding  Ammonites  biplex  and  Astarte  Hartfeellensii,  was  fint 
yisitod,  and  afterwards  the  fino  sections  of  Portland,  Purbeck,  and  Neocomian  beds 
in  tlie  neighbourhood  of  Hartwell  and  Stone.    Many  fossils  were  obtained. 

Excursion  to  Eastbournk  and  St.  Leonards.  May  23rd  and  24th. — Directors, 
the  liev.  E.  S.  Dowick,  M.A.,  F.O.S..  and  Mr.  John  Hopkinson.  F.G.S.  On  arrivtl 
at  Eastbourne,  the  party  visited  the  Museum  of  Eastbourne  College,  and  afterwards 
the  CalJecott  Collection,  and  that  of  Dr.  Ogier  Ward.  During  the  afternoon,  an 
exposuro  of  Alluvium  overlying  the  Gault  at  **  the  Wish  *'  was  seen,  and  the  fine  coast 
section  extending  to  Beachy  Head,  showing  the  Upper  Cretaceous  scries,  examined. 
On  the  following  day,  Bexhill  and  St.  Leonards  were  visited,  and  under  the  guidance 
of  Mr.  J.  E.  n.  Peyton.  F.G.S.,  the  members  had  opportunities  of  studying  sections 
of  tho  Weald  Clay.  Tunbridgo  Wells  Sands.  Wadhurst  Clay,  Ashdown  Sands,  and 
the  Ashbumham  Beds.  The  members  of  the  Association  were  most  hospitably 
entertained  by  Mr.  lioper  at  Eastbonrno,  and  Mr.  Peyton  at  St.  Leonards. 

Excursion  to  Finchley,  May  3 Ist.— Director,  Mr.  IL  Walker,  F.G.S.  At  East 
End,  tho  efFoct  on  tho  physical  features  of  tho  neighbourhood  produced  by  the 
Glacial  deposits  waa  pointed  out.andbythe  aid  of  an  enlarged  SurveylMap  of  the  district 
n  copy  of  which  was  given  to  each  member  of  the  party  by  Mr.  Walker,  the  area  of 
these  deposits  was  seen  to  bo  triangnlar,  with  Muswell  llill,  Hendon.  and  East  Bamet 
indicating  its  extent.  At  the  Marylebone  Cemetery  a  large  number  of  fossils  from 
the  Dritl  wore  seen,  and  at  tho  Manor  brickfield  a  good  exposure  of  the  great  Chalky 
iioulder-clay  was  examined.  Mr.  Walker  explained  its  relations  and  the  conditions 
of  its  deposition,  and  then  conducted  the  party  to  the  high  ground  near  Finchley 
Station,  whoro  Mr.  Caleb  Evans,  F.G.S.,  described  tho  physical  geology  of  the 
northern  parts  of  Middlesex,  and  exhibited  diagrams  showing  the  extension  and  out- 
crop of  the  formations  seen  in  tho  district. 

Excursion  to  Brighton,  June  llth. — Directors:  the  President,  and  Professor 
T.  Itupert  Jones,  F.Ii.S.    On  arrival  at  Brighton,  the  party  crosecd  the  Soath  Dowss 
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)  the  "  DoTil'i  Djrke,"  at  the  Bommit  of  the  eeoarpment  OTerlookiiiff  the  Weald ;  and 
ere  illastrating  his  remarks  b;^  maps,  showing  the  chanpros  in  the  physical  geof^raphy 
f  this  part  of  the  globe,  which  have  oocarred  during  various  geological  epochs, 
*rof.  Bapert  Jones  explained  the  theories  which  had  been  advanced  to  account  for 
he  denudation  of  the  Weald.  He  first  referred  to  the  hypothesis  of  the  upheaval 
f  the  elliptical  area  of  the  Weald  causiDg  axial  and  transverse  fissures  in  the  Chalk. 
ilu8  upheaval  ^ve  rise  to  several  rivers  running  north,  and  corrcspondiug  ones  run- 
in^  south,  which  now  drain  the  Wealden  area.  The  advocates  of  the  sub-aerial 
ienadation  hypothesis  maintain  that  the  action  of  rain  and  rivers  sufficed  to  com- 
tlete  the  work  of  denudation ;  but  it  is  contended,  on  the  other  hand,  that  it  must 
lave  been  consummated  by  submarine  action.  This  latter  opinion  was  strongly 
.dvocated  by  Mr.  Blackio,  who  had  very  ingeniously  shown  the  manner  in  which  the 
ea  would  act,  and  form  a  long  bay  corresx>onding  to  the  present  Wealden  area  before 
he  formation  of  the  Straits  of  Dover.  The  rrofessor  concluded  his  address  by 
ome  general  observations  on  the  changes  which  had  occurred  in  the  physiography 
f  this  part  of  the  globe.  Mr.  Woodward  concurred  in  the  opinion  that  Mr.Mackie^ 
heory  had  scarcely  received  that  careful  consideration  which  it  seemed  to  him  it 
ieeerved,  and  adduced  various  phenomena  that  would  be  difBlcult  to  account  for  on 
he  hypothesis  of  sub-aerial  denudation  alone.  Returning  to  Brighton  by  way  of  the 
restem  valley  and  past  Furze  Hill,  the  area  of  the  Tertiary  Deposits,  the  party 
rarersed  the  whole  length  of  the  coast  section,  and  alighted  at  iCemp  Town,  to 
observe  the  "  Elephant  Bed,''  which  was  especially  well  seen,  in  consequence  of  a 
ecent  fall  of  a  portion  of  the  cliff.  This  remarkable  bed,  and  the  underlying 
*  raised  beach  "  resting  on  the  undisturbed  Chalk,  were  very  attentively  examined. 
ifter  luncheon,  the  new  Museum  (not  yet  opened  to  the  public)  was  visited.  The 
isitors  were  received  by  Mr.  T.  Davidson,  F.R.S.,  Chairman  of  the  Museum  Com- 
nittee.  and  Mr.  G.  Scott,  the  Curator ;  and  the  Davidson  collection  of  foreign  fossils 
ind  volcanic  products,  the  Willett  collection  of  Cretaceous  fossils,  and  the  contents 
>f  the  Museum  generally,  were  subsequently  inspected.  Mr.  Woodward  lucidly 
txplained  the  general  arrangement  of  tno  Museum,  which  he  regarded  with  especial 
nterest,  as  well  as  the  great  share  which  Mr.  Davidson  had  taken  in  bringing 
ogether  a  collection  which  would  be  worthy  of  the  important  town  of  Brighton. 
Prof.  Rupert  Jones  then  discoursed  on  the  Elephant  Bed,  attributing  this  great 
aggregation  of  Chalk  debris  against  undisturbcu  Chalk  tea'*  banking  up  *'  which 
vould  be  produced  by  a  reflex  action  of  the  tides,  consequent  upon  the  obstruction  of 
he  isthmus  which  then  extended  across  what  are  now  the  Straits  of  Dover.  After 
hanks  had  been  duly  tendered  and  responded  to  by  Mr.  Davidson,  the  members 
nooeeded  to  the  Aquarium,  to  visit  which  they  had  been  very  courteously  invited. 
[jhns,  the  remainder  of  the  time  at  the  disposal  of  the  party  was  instructively  and 
Lgreeably  spent,  and  the  return  to  London  by  the  evening  train  concluded  the  day*s 
proceedings. 

Ordinary  Bventno  Mertino.— June  6th,  1873.— Robert  Etheridge,  Esq.,  P.R.S., 
P.G.S.,  Vice-President,  in  the  Chair. — "On  Ammonite  Zones  in  the  Upper  Chalk  of 
llargato,  Kent,"  by  F.  A.  Bedwell,  Esq.,  M.A.  The  author  described,  and  showed 
yy  sections,  the  exact  positions  in  the  cliffs  to  the  east  and  west  of  Margate,  of 
lAeen  large  Ammonites,  twelve  of  which  lie  between  the  Flagstaff  and  the  Clifton 
E^ille  Hotel,  a  space  of  about  half  a  mile,  and  some  of  them  exceed  three  feet  in 
liameter.  All  these  twelve  are  in  a  bed  closely  approximating  to  an  exact  parallel 
irith  a  faint  line  of  nodular  flints,  which  undulates  over  this  part  of  the  cliff,  and  are 
it  a  constent  distance  of  eight  feet  below  that  line.  From  these  facte  were  deduced 
;he  following  inferences: — (1)  The  presence  of  an  Ammonite  Zone,  and  of  (2)  a 
Tue  sea  floor.  (3)  The  parallelism  of  this,  with  the  horizontal  flints,  and  (4)  that  all 
iie  horieontal  bands  or  flint  must  be  assumed  to  have  been  aggregated  before  the 
[Hialk  moved.  Particulars  wore  also  given  of  three  other  beds  of  Ammonites,  one 
X)  the  west  of  Margate,  another  forty  feet  below  that  first  mentioned,  and  a  fourth  at 
Pegwell  Bay,  at  the  top  of  the  cliff  near  the  landing  stage ;  and  it  was  conjectured 
:hat  the  first  and  second  are  identical,  and  also  the  third  and  fourth.  Specimens 
*rom  the  first  and  second  beds  were  respectively  identified  by  Mr.  Etheridge  as  A. 
leptovhyllus  and  A.  Lewesiaisin.  Similar  bods  elsewhere  were  referred  to,  but  details 
;oula  only  be  given  of  one,  which  is  to  be  seen  at  low  water,  near  the  Black  Rock  at 
Brijriiton.  A  remarkable  bed  of  continuous  solid  flint,  between  three  and  four  inches 
iuck,  extends  round  and  under  the  Isle  of  Thanct.  Between  the  Foreland  and 
?egwell  Bay  it  is  in  the  upper  part  of  the  cliff,  while  it  sinks  below  the  shore  at 
?egwell  Bay  and  Kingsgate,  rises  again  to  the  west  at  the  back  of  Margate  Harbour, 
>ut  disappears  immediately,  appears  again  to  the  south  as  pointed  out  by  Mr. 
Vhiteker,  in  his  "  Geology  of  the  Ijondon  Basin,"  at  Cap  Point,  near  Walmer,  and 
igain  at  Shepherds  Well  station,  ten  miles  inland,  where  it  is  surmounted  by  the  soft, 
ifmost  flintless.  Chalk  of  Margate,  and  it  is  known  throughout  the  island  by  the  well 


330  Correspondence — Magieter  F.  Sehnudt. 

diggert.  This  positive  testimony  of  ooinddent  and  oniform  flint  Asgngmtiaa  orsr  m 
large  an  area  appears  to  be  an  important  fact  in  its  bearing  on  ine  oriffin  of  fliit 
Mr.  Bedwell  hia  foand  the  Ammonites  entirely  by  trusting  to  the  acme  of  life  theoiT 
insisted  on  by  Mr.  Caleb  Evans  in  his  paper  on  the  ChalK  (G^l.  Anoo..  1870),  aod 
had  failed  to  find  them  until  he  had  selected  the  £aint  line  of  flinta  aa  a  datum  Um, 
and  worked  from  that.  He  advised  all  young  students  of  the  Ohalk  to  fnanriiw  a 
cliflf  in  true  horiaons,  and  not  in  a  mere  indisoriminate  effort  to  make  a  large  bsf  d 
specimens ;  to  record  carefully  the  exact  chronological  order  of  each  fbaail  tatnM, 
h^  n^ferring  it  to  a  datum  line  as  suggested  by  Mr.  Caleb  Evans;  to  keep  in  mind  the 
time  which  may  have  separated  the  life  history  of  two  fossils,  though  only  distut  • 
few  feet  from  each  other ;  and  to  try  and  correlate  two  sections  of  Chalk  rather  bj 
the  succession  of  sones  of  life  in  each  cliff  than  by  a  mere  comparison  of  indis- 
criminately collected  fossils.  The  author,  in  conclusion,  urged  the  importanoe  of 
allowing  Nature  to  teach  her  own  independent  lessons  at  the  cliff  aide,  of  supply 
menting  Nature  by  books  rather  tiian  books  by  Nature,  and  pointed  out  how  esij  it 
was  for  those  having  but  little  knowledge  of  details  to  be  (»  service  to  Science,  bj 
simply  observing  and  followin|jf  to  its  end  one  single  thread,  and  one  only,  and  then 
laying  the  results  before  scientific  men,  leaving  them  to  estimate  the  value  of  the 
izuormation. 


NORTHERN  DRIFT  ERRATICS. 

Snt, — I  have  lately  been  struck  with  the  idea  that  geologists  living 
in  the  midland  and  southern  counties  might  like  to  compare  tbe 
erratics  of  their  own  neighbourhoods  with  stones  from  the  Boulder- 
clay  of  Cheshire,  where  the  Northern  Drift  may  be  said  to  attain  its 
central  and  maximum  development  I  have  therefore  resolved  to 
devote  next  month  (July)  to  the  task  of  collecting  small  stones, 
striated  and  cross-striated  stones,  chips  from  large  stones,  etc.,  naming 
and  assigning  the  parentage  of  specimens,  and  packing  and  sending 
off  boxfuUs  to  parties  who  may  wish  for  them.  There  will  be  a 
small  charge  to  cover  direct  and  indirect  expenses.  Those  who  are 
interested  in  this  subject  would  oblige  by  corresponding  without 
delay. 

Chestbk,  June  13,  1873.  D.  Ma^CKINTOSH. 


FURTHER  REMARKS  ON  PTERASPIS. 

Sir, — I  have  lately  succeeded  in  demonstrating  the  existence  of 
real  osseous  lucunoe  in  Fteraspis,  by  preparing  very  thin  horizontal 
sections  from  near  the  upper  surface  of  the  shield.  The  lacunie  are 
very  minute,  and  form,  by  their  ramifications,  a  dense  net- work,  very 
nearly  resembling  that  in  Tolypelepis  undulatus,  Pander  (Monographie 
der  fossilcn  Fischo  dor  Silurischen  Systems,  tab.  6,  f.  24),  from  the 
uppermost  Silurian  strata  of  Oesel.  I  now  regard  that  fossil  as  a 
portion  of  a  Pteraspidian  shield,  and  shall  search  for  further  infor- 
mation in  that  locality. 

As  regards  the  supposed  connexion  between  Pteraspts  and 
Cyathaspis  on  one  side,  and  Scaphaspis  on  the  other,  the  evidence 
furnished  by  Dr.  Kunth*s  figures  and  description  appear  to  me  to  be 
most  satisfactory. 
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The  apedmen  figured  i§  the  first  PtoraBpidian  fouO  ever  detected 
in  the  numerons  emtio  Silurian  boulder§  of  Northern  GermaDy,  and 
IB  not  eeleoted  from  among  a  great  number  of  Bimilar  fossils. 

The  two  shields  are  not  brought  into  contact  aooidentaliy,  bat 
ooiTeepond  to  each  other  moet  clearly  in  their  size  and  in  their 
motnu  position. 

The  other  iragmentB  of  similar  Btraotnre  oocnrring  in  the  same 
piece  of  stone,  probably  nepreeent  the  oornua  and  some  of  the  ecales. 

Bt.   PnSBSBOKO,  M*a.  r.  SOHKIDt. 

'*!„  Maf,  1874. 


NOTE  ON  BOZASPIS  SSaiCEUS. 

Sib,— Will  yon  kindly  insert  the  inolosed  outline  sketch  of  a 

lateral  view  of  the  shield  of  Holaspis,  which  exhibits  tiie  orlxtal 

notch  in  a  way  whidi  was  impoaaible  in  the  view  of  the  upper 
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Cofrt9fomdmo^-~Mr.  W.  B.  DtJtmu 


•nrfaoe  pabliahed  in  your  last  Number.  Lsfc  me  add  HbaX  tiie 
striationa,  though  rightly  rendered  aa  to  direction  in  tlmfc  lithogn^b, 
are  not  given  with  aofficient  fineneaa  or  regolarity.  I  may  refer 
yoar  readers  to  the  plates  of  ScaphatpU  Uaifdii  and  tiie  leatoiatioas 
of  the  shield  of  Ptera^is  in  my  monograph  for  aooorate  lepiodnokion 
of  striations  having  the  same  character  as  those  of  SoUupii,  It  k 
especially  with  Seaphaspis  that  HolawpU  agrees  in  the  form  and  aze 
of  its  skm-like  grooving.  E.  Bat 

OxpoBD,  Jtim  \Uh. 


GEOLOGICAL   PBOBLEMS. 

Sib, — ^The  following  methods  of  finding  by  diagram,  in  place  of 
calculation,  certain  data  for  the  oonstroction  of  correct  geologicil 
sections,  may  be  fomid  osefnl. 

Problem  1. — ^To  find  the  apparent  az^le  in  any  required  sectioQ 
from  the  full  dip,  and  the  deviation  of  its  direction  from  that  of  the 
section. 


B 


Construct  the  right-angled  triangle  ABC,  with  ABC  equal  to 
tho  full  dip ;  also  the  right-angled  triangle  BCD,  with  BCD  equal 
to  the  deviation ;  lastly  the  right-angled  triangle  C  D  E,  in  which 
CE  ia  equal  to  A  C. 

Then  C  B  E\s  the  required  apparent  angle. 

Proof, — If  il  B  Che  a  vertical  plane  along  the  full  dip,  and  CDB 
the  vertical  plane  of  section.  BCD  will  be  a  horizontal  plane,  and 
AC,  CE  wUl  coincide,  so  that  BD,  AE  will  be  the  plane  of  stratifi- 
cation, giving  the  apparent  angle  C  D  E  along  the  section. 

Problem  2. — From  two  apparent  dips  ^  to  find  the  full  dip  and  it«? 
direction. 

'  Any  three  poioU,  not  being  in  a  straight  line,  on  a  line  of  out- crop,  will  foiDiah 


Snppoie  two  i^qparant  dips,  41''  N.W.  and  8S^  N.,  30°  E. 
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Eeeult  MJ°  N.  18*^  W. 

Draw  B  A,  B  Cisi  the  directioiiB  of  the  apparent  dips :  erect  B D^ 
B  E  yertical  \x>  BA^BC  respeclively,  and  equal  to  each  other.  From 
JD,  E,  draw  D  A,  E  C,  making  BAD,  B  C  E  equal  to  the  apparent 
angles  whose  direction  is  shown  hy  B  A,  B  C  respectively.  Join 
A  C,  and  draw  B  F  vertical  to  it  Draw  B  O  parallel  to  A  C,  and 
equal  to  JBE:  join  F  G. 

Then  JB  J* is  the  direction  of  the  full  dip  and  G  F Bits  amount. 

Proof.— If  ABChe  placed  horizontally  and  A  BD,  B  CE,  BFG, 
▼ertically,  D,  G,  and  E  will  coincide,  and  D  A,  G  F,  E  C,  and  A  C 
will  be  in  the  plane  of  stratification  giving  the  apparent  angles  at  A 
and  C and  the  full  dip  at F,  In  practice  the  triangle  BGF might  be 
more  expeditiously  constructed  between  B  F  and  A  C. 

Problem  3. — Given  a  plane's  dip  and  direction,  to  ascertain  the 
effect  on  it  of  a  secondaiy  tilt  of  Ibiown  amount  and  direction,  and 

three  apparent  dips,  which  may  be  taken  two  and  two,  thereby  pronng  whether  or 
no  the  stratum  ia  a  troe  plane,  and  if  not,  the  mean  of  the  three  results  will  indicate 
the  general  dip. 
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on  the  other  hand  from  tlie  present  position  of  the  plane  to  oalculate 
its  original  dip. 

1st  Find  by  problem  1  the  dip  of  the  plane  in  the  direction  (a]  of 
the  secondary  tQt  and  (&)  of  its  strike. 

2nd.  Add  or  subtract  (as  the  case  may  require)  to  or  from  (a)  the 
amount  of  the  secondary  tilt  (n). 

8rd.  From  a-^r^n  and  h  (two  apparent  angles)  find  the  full  dip  and 
its  direction  by  Problem  2. 

Example. — ^A  plane  dips  N.  at  50°,  and  is  subsequently  tilted  49° 
to  W.  30°  S.  Find  its  final  position.  Its  original  dip  to  W.  30"  S. 
by  Prob.  1,  is  by  diagram  — 30|°,  by  logarithms  -^0"  4:T  (being 
that  amount  to  E.  30°  N.)  and  to  N.  30°  W.,  45f°  (logs.  45**  54'). 

After  the  secondary  tilt  the  dips  are  W.  80°  S.  18i**  (49— 30|)  and 
N.  80  W.  45f . 

The  resultant  position  being  47°  to  W.  42°  N.  or  by  logs.  47°  17' 
to  W.  42°  19'  N. 

W.  H.  Dalton,  H.M.  QeoL  Survey. 


LABYRINTHODONTS  OP  THE  COAL-MEASURES. 

Sir, — ^At  the  last  meeting  of  the  British  Association,  in  Augorti 
1872,  the  following  resolution  was  adopted : 

"  That  Professor  Phillips,  Professor  Harkness,  Mr.  Henry  Wood- 
ward, Mr.  James  Thomson,  and  Mr.  L.  C.  Miall  be  a  Committee 
for  the  purpose  of  investigating  and  reporting  upon  the  Laby- 
rintliodonts  of  the  Coal-measures ;  and  that  Mr.  L.  C.  Miall  be  the 
Secretary." 

The  Committee  has  entered  upon  its  work,  and  it  is  hoped  that 
useful  results  will  be  laid  before  the  Association  from  time  to  time. 
It  has  become  clear  that  the  preliminary  investigation  at  least  must 
not  be  limited  to  British  Carboniferous  Labyrinthodonts,  but  must 
include  the  Triassic  genera  as  well  as  the  Carboniferous  examples 
discovered  in  other  countries.  The  successful  prosecution  of  the 
inquiry  is  therefore  found  to  depend  in  part  upon  the  assistance 
which  can  be  rendered  by  geologists  resident  in  different  parts  of 
the  world. 

I  am  instructed  by  the  Committee  to  inquire  whether  you  can  aid 
us  in  any  way.  Casts  and  photographs  of  instructive  specimens, 
drawings,  if  practicable,  of  full  size,  and  measurements  of  such 
parts  as  can  be  clearly  identified,  would  be  specially  valuable.  The 
Committee  will  further  be  glad  to  receive  any  publications  bearing 
on  the  subject,  which  may  not  be  readily  accessible  in  England. 

Leeds,  Mat/,  1873. '  ^-  ^-  MiALL,  Secretary  to  the  Committee. 
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OuB  CoLONiss — ^New  South  Wales.  By  G&ablxs  Bobinbon. 
8vo.  pp.  94.     (Sydney,  1873.) 

The  Colony  of  New  South  Wales,  Mr.  Robinson  informs  us,  is  the 
oldest  and  richest  of  the  Australian  Colonies.  It  is  only  103  years 
since  Captain  Cook  planted  the  British  flag  on  that  distant  Island- 
Continent,  and  only  85  years  since  England  discovered  the  vast  re- 
sonrces  which  this  grand  country  contains,  and  recognized  the 
possibility  of  establishing  in  New  South  Wales  another  branch  of 
her  industrious  and  enterprising  people.  There  is  now  settled  on 
these  lands  an  English-speaking  population  of  over  2,000,000  self- 
governing  and  self-dependent  Colonists.  Yet  it  was  only  on  the 
26th  January,  1788,  that  the  first  governor.  Captain  Phillip,  landed 
with  his  rough  colonist  band  of  1,030  people,  together  with  431 
head  of  live  stock  (cattle  and  poultry),  all  told. 

In  this  very  harbour  of  Port  Jackson,  one  of  the  largest  and  most 
beautiful  natural  land-locked  havens  in  the  world,  now  ride  the  ships 
of  all  nations,  and  at  its  head  stands  the  Capital  City,  Sydney,  with 
its  long  streets,  handsome  buildings,  and  crowded  warehouses.  It 
has  already  given  birth  to  two  colonies  as  large  as  itself,  namely,  on 
the  South,  the  Colony  of  Victoria  (in  1851),  taking  from  the  older 
colony  a  population  of  68,335,  and  6,026,137  head  of  sheep  and 
cattle ;  and  in  1859,  on  the  north,  the  Colony  of  Queensland,  with  a 
population  of  25,000,  and  2,419,091  sheep.  Yet  on  2nd  April, 
1871,  the  original  Colony  of  New  South  Wales,  in  its  present  re- 
stricted form,  possessed  a  population  of  503,981,  with  2,014,888 
head  of  cattle,  16,278,697  sheep.  550  post-towns  have  been  founded, 
6,114  miles  of  telegraph  opened,  10,000  miles  of  roads  made,  400 
miles  of  railway  constructed,  and  300  miles  more  in  course  of  con- 
struction. Immense  mines  have  been  opened  for  the  precious  metals, 
and  for  copper,  tin,  coal,  and  other  minerals. 

Although  the  Colony  of  Victoria  has  won  the  reputation  for  pos- 
sessing the  richest  gold-fields  in  Australia,  the  accounts  now  published 
of  gold-mining  and  gold- washing  in  New  South  Wales»^  promise  to 
equal,  if  not  to  surpass,  the  younger  Colony.  The  gold-fields  com- 
prise an  area  of  about  13,656  square  miles,  and  number  more  than 
70  distinct  fields.  The  richest  are  on  the  western  side  of  the  great 
dividing  range.  Although  the  Alluvial  gold-fields  are  the  oldest  and 
most  easily  worked,  the  quartz-reefs,  to  which  the  attention  of  miners 
has  of  late  been  directed,  are  now  proving  very  rich  indeed.  From 
two  of  the  mines  on  Hawkins  Hill  or  Gk)lden  Mountain  during  the 
last  six  months  of  1872,  gold  to  the  value  of  £162,850  (after  paying 
escort-fees  and  mint-charges)  was  obtained. 

From  another  locality,    Grenfell,   one  small  company  crushed 

14,573  tons  of  stone  at  a  cost  of  £1  per  ton,  including  all  expenses, 

obtaining  a  yield  of  1  oz.  3  dwts.  to  the  ton,  or  16,481  ounces  of  gold, 

producing  £60,000,  or  a  clear  profit  in  five  years'  time  of  £45,000. 

Another  Field,  "The  Emu  Creek  Gk)ld-field,"  from  1866   (the 

^  Where  gold  was  first  discoYered  in  Australia  in  1S51. 


ii:^  ::  i-j  il^-jiT^rj   -^  '^'rl,  S*rvrr.l<r-  1571.  has  sect  to  Sydney 


AC. :  i>=T^rs  aji  i  H : Itct^iaz.**  Co,     A  5ik:c=.rii:  if  reaolis  of  leas  dun 
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S3j:tihv>  i  C:.  Ezrru  a?o  Hii^xaji^sK's  Co. 

0:"'.:r.r.  u  th"£Sr  ?T:ireni.rns  do  M>  us.  aaiA«>n'^a6'rtf24r  £rom  tbe 
C.I-'.nLil  'j-.vrminrr.:  ::  Xrw  S::i:n  Wal-e*.  ^^e  v»nzL:>c  for  &  moment 
dc^r:  th-rir  "i-i'.Lrr.d-iiry.  h-tt  can  we  t-c;  fceKeTe  chat  a  gruid  fotnw 
lira  r-rfre  rLi*  C:I:-y.  Alrbi^isti  t-^t  cf  small  extent.  NewSonrii 
Wal-r*  r«:gfr:&?«:s  si  c»:r»I-£*l.i  ct  i:*  own.  34.72»j  a«:T%4  heing  under 
lease:  f:r  Liiiunz.  with.  i.loO  rirs.  In  1571  the  e^npon  of  cod 
AZL^zz^Zr-i  M-  ZCZA'SJ  ron*.  of  the  value  of  £2->5.6&0.  With  gold, 
crsil.  k^rrcs^cc.  ir»Mi.  c:rper.  tin-  sil'^er.  leai  cinnabar.  diamondSf 
€1 '.client  wL-Bat-iicia.  Taatnn^.  wi:er.  and  timber,  with  a  genial 
clirr.'ite.  and  fre^iom  frrm  LixAnon !  even  the  g«»llv  land  of  Canaan 
coili  harily  have  sTujAsae^l  "The  Q^ten  of  the  Pacific."'  as  her 
efcildren  -  n  >w  happily  fre^l  from  the  injari->as  inflaence  of  the  old 
coLvi-Tt  SYst-em  •  mav  icstlv  and  proudlv  call  her.^ 

Geoi/.'GI'Tal  KeS'I'Rts  ast>  Lo>:jLijnES  fijb  Fossils  ARor5D 
Lr.>MKN. — The  Londoner  lives  amidst  geol'?gical  scenes  and  memo- 
rial-s  of  r^-markable  variety.  Our  environs  are  rich  in  traces  of 
forrr:f-r  pLy-ric-*!  g>eo£rr»phy  and  j».a5:  z->:<Iv5:ioal  worlds.  In  the 
S'VMrl-iv  a:t«i:rn::a  excursions  which  are  n-iw  sd  regularly  organized 
for  T-:j  "Jirizin;:  ireolviry.  the  wonierful  history  of  the  ground 
l.-enoitii  US,  as  revealed  in 

Scarr-c  o'.i5  and  o'::ir7ied  stose. 
are  -ii: lighting  and  iii<miciing  crc-wds  of  the  newer  generarion  of 
L-:r-  i.Lvrs.  The  old  rivers  aiid  seas  wliich  at  successive  pre-lastorio 
jjeri'ida  occupied  the  site  of  London  and  its  vicinity,  although  they 
h?*ve  ling  since  receied  or  entirely  disapj?eared.  have  left  natural 
maps  of  tL*.-m selves  in  the  grc»und  lienrath  us.  They  have  left 
behind  them  their  be -Is  of  mud  or  gravt-l  to  commemorate  their 
forni*:-r  existence.  It  is  these  old  sea-l»eds  and  river-gravels  that 
now  form  the  solid  gr«>und  on  which  we  are  living,  and  hence  it  is 
that  we  find  in  them  the  shells  and  other  remains  which  are  known 
as  t'osftils.  Around  London  are  numerous  spots  where  we  can  descend 
into  these  old  sea  and  river-beds,  and  see  for  ourselves  the  imbedded 
fos>il.s.  A  list  of  these  open  sections  is  given  in  the  **  ifaturday 
Ilalf-IIoIidav  Guide,"  edited  bv  Henrv  Walker,  F.G.S.  iKent  &  Ca, 
Tatorriostcr  Kow,  and  the  Saturdav  llalf-Holidav  touuniltee,  100, 
Fi^tot  Street,  price  3<i.^,  together  with  a  Map  embracing  an  areaoi 
2o  Hi  lies  round  London,  and  48  pp.  of  general  information  relating 
Uj  routes,  places,  scenery,  historical,  archarological,  zoological,  geolo- 
gi<;al.  }K>tanical,  and  other  matters  interesting  to  every  one  having  a 
Ualf-IIoliday. 

I  Statistics  of  \ew  South  Wales,  printed  for  the  GoTemment,  accompanied  by 
M;ifis  of  the  Agricultural,  MuuDg,  and  other  resoarcea  of  the  Colony.  ( London  ^ 
Jruhner  &  Co.) 
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L — On  the  Subfaok-Gkolooy  of  thk  Neiohboubhood  of  Cross 

Fell,  in  Cumbebland.^ 

By  C.  £.  Db  Raxce,  F.G.S. 

rB  eastern  margin  of  the  Yale  of  Eden,  in  the  neighbourhood 
of  Blencairn,  Ousby,  and  Melmerby,  is  abruptly  terminated 
by  a  steep  and  lofty  escarpment,  which  rises  to  an  eminence  of 
2892  feet  at  Cross  Fell,  2331  feet  at  Melbcrby  Fell,  and  2082  feet  at 
Hends  Fell,  the  elevations  between  these  points  being  nearly  as 
great  Eastwards,  from  the  top  of  the  escarpment,  a  large  expanse 
of  elevated  moorlands  slope  gradually  towards  the  North  Sea. 

The  upper  portion  of  the  escarpment  consists  of  successive  scars 
of  limestone  and  grit  resting  conformably  on  "  Old  Red  "  Sandstone 
and  Conglomerate,  lying  in  denuded  hollows  of  Lower  Silurian 
xocks,  which  form  the  base  of  the  range,  and  abut  against  the 
Permian  Sandstone,  brought  in  by  the  Pennine  fault. 

In  general  aspect  the  Cross  Fell  escarpment  may  be  compared  to 
that  of  the  North  Downs  near  Folkestone,  the  Limestone  scars 
corresponding  in  a  scenic  point  of  view  to  the  Chalk  (weathering  in 
very  similar  curves),  the  Old  Red  and  Lower  Silurian  to  the  Gault, 
and  the  Permian  and  Boulder-clay  plain  to  that  of  the  Lower  Green - 
sand. 

Near  Folkestone  lines  of  springs  occur  at  the  base  of  the  Chalk, 
.the  overflow  of  a  wedge  of  water  partially  held  back  by  the  sea, 
after  flowing  down  the  dip  of  the  strata.  Springs  occur  on  the  face 
of  the  Cross  Fell  escarpment,  above  impermeable  beds  of  shale,  with 
a  similar  inwards  dip,  the  overflow  probably  being  caused  by  the 
oatlets  of  the  water,  the  lower  outcrop  of  the  water- hearing  stratum 
not  being  sufficiently  large  for  the  volume  of  water  flowing  out  into 
the  atreams. 

The  continuity  of  the  lower  escaqiment  of  Cross  Fell  is  broken 
by  several  valleys  cut  back  into  the  breast  of  the  hill,  as  Ardale, 
between  Muska  Ilill  and  High  Cap.  This  valley  runs  a  mile  inte  the 
hill  to  a  height  of  17o0  feet,  after  which  the  stream  flows  over  a 
sloping  plain  and  through  an  escarpment  "  Black  Doo,"  through 
which  it  has  cut  a  V-shaped  hollow. 

North  of  this,  nearer  Mclmorby,   is  an  extremely  wild  valley, 

*  The  notes  on  the  Cross  Fell  district  Tvere  ch Lolly  made  during  a  holiday  cxpedi- 
tbn  into  that  country  in  July,  1872,  and  partly  when  in  the  adjacent  country  with 
Prof.  Hull,  F.R.S.,  in  April  of  the  same  year. 
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Oaabj  Dale,  excavikted  alin*:8t  entirely  in  Silnrian  fbcks^  OTeriraog, 
on  the  west,  by  Cmi^  Fell,  17^)  £eec  bigfa,  the  top  of  nrhidi  wis 
found  by  Pr3f.  Hell  and  myself  to  be  oompoead  of  Minetteu  Hit 
valley,  the  level  of  which  is  above  12o0  feet,  splits  into  serenl 
branches,  or  nirher  the  stream  (rising  in  the  peat-covered  pliin 
ab'jve '  divides  into  several  nmnels.  which  flow  rapidly  down  the 
eecarj-ment  withoat  forming  a  valley.  Great  nmnbers  of  then 
streams  d'>  not  appear  to  Miginate  in  springs,  bnt  to  draw  their  sup- 
plies from  a  sheet  •I'f  water  at  the  base  of  the  peat,'  which  on  & 
slopes  is  extremely  wet.  bat  becomes  drier  nearer  the  watershed, 
which  is  an  extremely  flat  arch  in  section,  with  tiie  water  flowing 
below  the  surface  as  a  sheet,  and  never  differentiating  into  a  stream, 
the  first  intimation  of  which  appears  to  be  at  the  foot  of  the  carved 
slof-e.  where  the  water  breaks  out  and  appears  at,  and  on  the  sorfine, 
and  then  eroding  the  peat  into  channels,  forms  the  first  beginniag  of 
a  stream. 

On  the  south  side  of  the  Cross  Fell  escarpment  is  the  Grieat  BaXei 
through  which  flows  Crowdnndle  Brook,  which  sepamtes  Comber- 
land  from  Westmoreland.  At  the  foot  of  the  escarpment  it  meanden 
across  a  narrow  allavial  plain,  bounded  on  either  side  by  clift  of 
Permian  Bed  Sandsftone  and  Bonlder-clay. 

Between  the  Pennine  fault  and  the  escarpment  there  is  a  temoe 
of  Lower  Silurian  rocks  rolling  in  a  series  of  W.8.W.  antidiiiil 
and  synclinal  folds  under  the  Old  Bed  Sandstone  oonglomento, 
which  forms  the  oDnformable  bed  of  the  Limestone  aeries.  Of 
these  l>eds,  especially  of  the  SkiJdaw  Slate,  magnificent  sections'  ore 
exjTiosed,  where  Crowdundle  beck  has  wo  iked  across  its  alluvial  plain, 
and  eaten  back  the  blufl"  margining  the  terrace  into  cliff's,  more  or 
less  covered  with  Boulder-beds;  and  at  still  higher  elevations  on 
Gnimply  Fell  may  be  noticed  many  large  boulders  of  felsitic  aih 
and  breccia,  and  also  of  Permian  Sandstone,  at  1300  feet  above  the 
sea  bv  the  aneroiil. 

Within  the  escarpment  the  Great  Dale  is  extremely  wild,  the 
bottom  scattered  with  irregular  heaps  of  rouuded  and  angular 
masses  of  rock  and  stones,  through  which  the  brook  forces  its  way 
in  two  and  sometimes  into  three  changing  and  shifting  ohanneU 
These  stones  are  pirtly  derived  from  cliffs,  which  are  very  fine, 
especially  those  on  the  north  or  Cross  Fell  side,  which  rise  500 
fee{  in  a  horizontal  distance  of  370  yards  (from  1508  to  2000  feel 
abr>vc  the  level  of  the  sea)  at  Willie  Bed,  from  which  the  ground 
slopes  p-aduallv  up  to  tho^last  small  escari)ment  forming  the  top  of 
Cross  Fell. 

Ascending  the  beck  after  leaving  hard  felsite,  which  apparently 
rests  confomiablv  on  the  Skiddaw  Slates  at  1149  feet,  not  much  is 
seen  until  the  Old  Bed  Sandstone  is  reached,  dipping  into  the  hill 

*  Evf-ry  prat-covtrf*!  plateaiu  in  fact,  acts  precisely  as  an  ordinary  sponge  filW 
with  wati.r;  ncvir  (rivini^  oil'  any  considerable  streams,  save  after  rains,  wneo  the 
ffpofj^ry  inoins  i>  <>urcli:tr;rid  with  moLbture  and  pours  into  the  Dales  tht^so  peat-stained 
nKHjTlmd  utiUr'*  which  painters  love  so  dearly  to  depict. — Edit.  Geol.  Mao. 

^  Fnirii  one  of  these  sections  Prof.  XichoLK)u  obtained  Agnottm  Morei,  Salt.,  and 
other  raru  fossils. 


C.  K  Be  Bonce— On  the  Swrfaee-Oeology  of  Crm,  Fell.      339 

Irom  1250  feel  f>  about  1400  feet  above  the  sea,  tbe  tbickness  being 
lot  less  than  400  feet ;  the  pebbles  are  chiefly  derived  from  the 
iTolcanio  rodn  of  the  Lake-district 

From  the  fbitns  diisoovered  by  Dr.  Nicholson  in  the  beds  of  this 
ige,  it  wocQd  appear  to  have  be^  deposited  in  very  shallow  water, 
ind  at  the  base  it  often  rests  <hi  old  valleys,  which  in  some  cases 
ippear  to  coincide  with  the  modem  one  in  this  direction,  as  Little 
[Me,  west  of  Grmnply  Fell,  in  the  bottom  of  whidi  occurs  an 
mtlier  of  Old  Bed  Ck>nglomerate,  100  feet  below  the  base  of  the 
nain  mass.  This  formation  cuts  off  the  upward  extension  of  the 
jovnts,  fissures,  and  vertical  dykes  of  siliceous  red  hsematite  so 
x>inmon  in  the  Yolcanio  series  under  Cross  Fell ;  but  whether  the 
iron  in  them,  and  in  similar  dykes  in  the  Lake-district  described 
liy  the  late  Mr.  John  Bolton,  was  derived  by  percolation  from  the 
red  beds  of  the  (^d  Bed  Sandstone  above,  is  a  doubtful  point,  though 
it  is  very  possible  that,  what  may  be  called  the  primary  or  upper 
falleys  of  the  Lake-district  were  Old  Bed  lake-basins,  from  which 
ill  Bied  Beds  have  since  been  removed  l>y  later  denudations,  except 
in  tiie  district  flanking  the  Lake-district,  as  at  Butterswick,  imd 
aear  Ulleswater,  etc.,  where  Prof.  Phillips,  F.B^.,  has  described 
khem. 

Following  Crowdundle  beck  to  the  watershed,^  the  alluvial  flats 
disappear,  the  sides  approach,  and  the  valley  becomes  a  Y-shaped 
gorge,  with  cliffs  gradually  steeper  and  steeper,  various  lime- 
stones and  sandstones  dipping  into  the  hill  at  about  15^,  until 
weathered  basaltic  columns  of  the  Great  Whin  Sill  are  seen  stand- 
ing, eadi' separate,  like  a  row  of  gigantic  figures  against  the  sky- 
line. Ihis  magnificent  sheet  of  basalt,  measured  by  the  aneroid, 
appeared  to  be  100  feet  in  thickness.  Its  upper  surface,  where  cut 
into  a  little  notch  by  the  beck,  was  about  1840  feet  above  the  sea. 
A  little  above  occurs  the  Tyne-bottom  Limestone,  which  reappears 
on  the  dip,  on  the  other  side  of  the  Fell,  many  miles  to  the  eetst, 
forming  the  bottom  of  the  South  Tyne.  At  about  2000  feet  the. 
gorge  rather  widens,  and  a  small  waterfall  occurs  over  a  shale  bed, 
which  is  gradually  being  worn  back  under  sandstone ;  but  it  again 
oontracts,  near  a  mine  level,  and  becomes  smaller  and  smaller,  until 
it  is  lost  in  a  mere  runnel,  in  the  thick  peat  forming  the  col,  400 
yards  on  the  eastern  side  of  which  the  Tees  takes  its  source  in  a 
similar  runnel,  at  2502  feet  above  the  sea. 

From  Ihe  col,  which  has  an  elevation  of  2540  feet,  down  to  the 
Biver  Tyne,  the  country  consists  of  long  dreary  moors  sloping 
gradually  eastwards,  through  which  the  Tees  has  formed  an  ex- 

'  In  addition  to  the  great  watershed  running  along  the  Cross  Fell  ransa  in  a 
general  N.X.W.  direction,  separating  the  waters  that  flow  into  the  North  ana  Irish 
t$eas,  another  originates  in  the  terraced  scars  of  that  mountain,  running  a  little  north 
of  east,  separating  the  valleys  of  the  Tees  and  the  South  Tyne,  passing  near  the 
source  of  uie  latter  river  to  Bel  Beaver,  on  which  is  some  evidence  of  an  old  camp, 
from  whence  it  turns  northward  to  Bumhope  Seat  (2452),  and  runs  along  that  range 
of  hills  (the  houndary  between  Durham  and  Cumberland,  and  afterwards,  further 
north,  between  the  former  and  Northumberland),  parting  the  waters  of  Weardale 
from  thoee  of  the  riveiB  East  and  West  Allen. 
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tremely  sballow  valley,  with  a  peat-oovered  alluvial  pbdn,  boanded 
by  low  cliffs,  which  increase  in  height  to  some  sixty  feet  at  Pnm- 
dence  Vein,  opposite  the  sources  of  the  Tyne.  The  slope  of  Ai 
country  is  that  of  the  beds ;  but  the  latter  dip  at  a  rather  stronger 
angle,  the  lowest  of  the  Cross  FeU  beds  being,  howeTer,  the  Gvett 
Whin  Sill. 

The  whole  of  this  Upper  Tees  Valley  would  appear  to  be  pre- 
glaciul,  for  Boulder-clay  oocurs  on  the  cliff  tops  well  within  the 
very  head  of  the  valley  under  the  col.  The  gradual  denudation  of 
valleys  by  river-action  is  well  seen  in  the  higher  course  of  ttu 
South  Tyne,  and  of  the  Tees.  Between  Alston  and  (rarrigil], 
strong  stone  walls,  locally  called  Warrens,  built  in  the  last  oentoiy 
to  keep  the  river  from  eating  away  the  land,  are  now  in  the  centre 
of  alluvial  meadows,  some  distance  from  the  river,  and  several  £eet 
above  it^  level.  In  some  places  there  are  at  least  three  tenaoes, 
but  generally  they  have  been  swept  away  by  the  river,  which 
constnicts  a  fourth  with  a  portion  of  their  debris,  and  new  spoils 
from  above.  From  Grarrigill',  which  is  built  on  the  lowest  allavial 
terrace,  to  Tynehead  Smelt  Mill,  the  river  flows  on  the  Tyno- 
bottom  Limestone ;  a  little  north  of  this  point  the  *'  Great  Sulphur 
Vein  "  brings  the  Great  Wliin  Sill  to  the  surface,  which  forms  a  great 
boss,  more  or  less  glaciated,  and  covered  on  the  west  side  of  the 
river  with  dark-grey  Boulder-clay,  with  many  rounded  and  aub- 
aiigiilar  stones,  most  of  which  are  scratched,  at  an  elevation  of 
15G0  feot  above  tlio  sea.  Tlie  river  has  cut  a  narrow  notch  through 
the  l>asiilt,  but  not  completely,  for  there  is  a  small  waterfall— 
"  Tynehead  Force."  In  the  deep  tributary  valley  of  Shield  Waters 
there  is  a  much  finer  waterfall,  Cashbum  Force,  also  on  the  basalt; 
fine  cliffs  of  columnar  basalt  were  also  found  by  Prof.  Hull  and 
myself  near  Smittergill  Mine. 

Above  the  Smelt  Mill  the  deep  glen  gradually  contracts  the  cliffs 
on  either  side,  until,  at  the  source  of  the  Tyne,  two  long  sweeping 
peat-covered  slopes  range  upwards  to  the  top  of  Bel  Beaver  Eigg 
to  tlio  east,  and  Noonstones  to  the  west ;  the  top  of  the  former  lull 
is  said  once  to  have  been  a  Eoman  camj). 

From  the  top  of  the  col,  above  the  source  of  the  Tyne,  the  ground 
on  the  other  side  slopes  gradually  down  to  the  nearest  point  of  the 
River  Tees,  which  flows  past  in  direction  nearly  at  right  angles  to 
the  course  of  the  Tyne.  Thick  deposits  of  dark  grey  Boulder-clay 
form  the  banks  of  Crookburn,  above  the  Tyne-bottom  Limestone, 
which  is  glaciated  near  its  junction  with  the  Tees.  I  found 
Boulder-clay  as  high  as  1770  feet  towards  the  source  of  the  river, 
but  none  on  the  col  between  Tees  and  Tyne,  or  the  still  higher  col 
l)etween  the  Tees  and  Crowdundle  beck,  which  runs  into  the 
Eauiont,  in  the  vale  of  Eden,  resting  on  the  Permian  sandstone  of 
that  vale.  Between  Penrith  and  the  foot  of  Cross  Fell  ore  sheets  of 
Upper  Boulder-clay,  with  an  underlining  sandy  gravel,  which  in 
Mchnerby,  Ousb}',  Blencarn,  and  Skirwith,  contains  erratic  rounded 
pebbles  of  the  Lake-district,  much  resembling  in  character,  as  well 
as  in  that  of  the  matrix,  the  Boulder-clay  of  Lancashire.     Erratic 
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pebbles  and  blocks  abound  on  the  Silurian  hills  at  the  bottom, 
forming  the  lower  slopes  of  the  Cross  Fell  range,  and  even  on  the 
lo'wer  portions  of  its  magnificent  limestone  escarpments,  the  lowest 
of  which,  the  Melmerby  Scar  Limestone,  is  131  feet  in  thickness. 
Tlie  escarpment  runs  along  the  strike  of  the  beds,  but  here  and 
there  they  have  been  out  back,  and  deep  openings  and  narrow 
▼alleys  break  the  uniformity,  and  well  show  the  inward  dip,  even 
■t  a  distance.  This  was  particularly  the  case  when  1  first  saw  this 
xange,  at  the  end  of  April,  when  the  escarpments  were  picked  out 
with  snow,  whidi  lingered  on  in  crevices  until  nearly  June. 


n. ^notes  on  thk  extension   of  the  bouldeb-olat  oveb  the 

Gbsat  and  Little  Obue,  and  the  Cementing  together  by 
Lime  of  bomb  labos  Bouldebs  in  the  Clat  neab  the  Little 
Obms. 

By  "W.  C.  Lucy,  F.G.S. 

HAVING  seen  an  account,  in  Notes  of  the  Geology  of  the  District 
round  Llandudno,  by  the  Bev.  W.  S.  Symonds,  thi^t  shells 
bad  been  found  by  Mr.  B.  D.  Darbishire,  F.G.S.,  in  some  clay  near 
the  New*  Baths  at  the  Great  Orme,  it  occurred  to  me  that  the  clay 
was  Boulder-clay,  and  would  probably  not  be  limited  to  so  small  a 
patch,  but  that  it  most  likely  extended  far  over  the  hills.  And  I 
now  propose  to  give,  very  briefly,  the  result  of  some  observations  on 
the  subject  made  during  a  short  stay  at  Llandudno. 

The  Orme  is  composed  of  several  squatted,  rounded  masses  of 
Garboniferous  Limestone,  resembling  huge  farmhouse  loaves,  which 
give  form  to  small  valleys  or  gullies.  Now  I  noticed  that  in  tliese 
valleys  or  gullies  there  was  vegetation ;  some  com  crops  were  grow- 
ing, and  on  examination  the  soil  was  found  to  be  the  remains  of  the 
Boulder-clay.  Near  the  Copper  Works  is  a  large  boulder  of  several 
hundredweight,  resting  on  tiie  clay,  which  is  traceable  over  the  hill, 
but  in  places  only  a  very  thin  covering  is  left.  The  highest  rounded 
portions  are  bare,  which  may  be  owing  to  there  having  been  no  place 
for  it  to  rest  at  the  time  the  clay  swept  over  the  hill. 

Li  the  cuttings  made  in  forming  the  roads,  good  sections  of  drift 
occur  several  feet  thick,  containing  boulders  of  large  size. 

On  the  shore  at  the  Little  Orme  is  a  fine  exposition  of  the 
Boulder-clay,  with  imbedded  drift,  as  shown  in  the  accompanying 
sketch.  It  varies  very  much,  but  at  the  point  marked  +  the  fol- 
lowing is  an  accurate  section : — On  the  surface  is  about  a  foot  of  soil, 
resting  upon  four  feet  of  Boulder-clay,  followed  by  eight  to  ten  feet 
of  angular  drift,  some  blocks  of  great  bulk  and  cemented  together 
by  lime,  and  reposing  upon  ten  to  twelve  feet  of  drift  of  smaller 
size  only  partly  cemented. 

Several  masses  of  the  cemented  drift  were  lying  upon  the  beach, 
and  the  largest  two  are  represented  by  the  following  drawings : — 
Fig.  1  shows  a  big  block  of  smooth  limestone  with  a  face  of  about 
6  ft.  6  in.  long,  4  ft.  6  in.  wide,  and  5  ft.  thick,  to  which  was  attached 
a  huge  mass  of  the  drift  7  ft.  long  by  4^  ft.  thick,  containing  large 
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ang:tilar  bonId«n  with  aoma  amoll  pebbles  in  a  clayey  matrix,  all 
cemented  togsther  b;  lime,  whldi  formed  a  septa  or  division  preaeut- 
ing  a  singolai  apjfeoianoa. 


uwnlir  bBDldtn  and 


Vig.  2  repreaents  a  large  mass  of  irregnlar  form,  being  15  ft.  aoroiB 
the  top  and  1^7  7ft.  thick.  It  is  cemented  in  like  manner  to  Tig.  1, 
and  ap  firmly  is  it  held  farther  that  it  ia  difficult  to  knock  ont  a 
piece  with  tlie  hammer.  On  one  side  it  wiU  be  seen  there  is  an 
opemng  nmuing  into  the  centre  about  3  ft 


Fig.  1.    Lugi 


The  large  blocks  are  mainly  of  Carbontferons  Limestone,  but  in 
the  mass  are  Basalt,  Syenite,  Quartzite,  Granite,  Felspatbic  Por- 
phyiy.  Greenstone,  rolled  Slate,  Trap,  etc. 

As  the  whole  of  the  lime  which  passed  through  the  surface  soil  and 
cemented  these  large  masses  togeUier  must  have  been  derived  from 
the  infiltration  of  rain-water,  acting  upon  and  dissolving  the  lime- 
stone of  the  Little  Orrae,  and  as  this  occurrttd  subsequently  to  the 
deposition  of  the  Boul<!er-cIay,  a  considerable  time  must  have  elapsed 
to  form  these  conglomeratic  masses  of  cemented  detritus. 

A  careful  mapping  of  the  two  headlands,  showing  the  remnants 
of  Bonlder-clay  and  drift,  would  be  of  much  service  to  amateur 
geologists  of  glacial  phenomena  like  myself,  when  visiting  this 
district,  and  I  trust  the  same  will  be  undertaken  by  some  one  of  our 
Professors  of  Geology  tliis  Autumn  season. 


344     R.  JEtheridge,  Jun. — ContributioM  to  Palmontology. 

m. — Contributions  to  Cabbonifebous  PaIlBOHtologt. 
On  some  ruKTHEB  Undesobibed  Species  of  Lamblubrabceuu 

FROM  THE  CaBBONIFEBOUS  SebIES  OF  SOOTLAMD. 

By  R.  Ethsridob,  Jun.,  F.G.S. 

(PLATE   XII.) 

IN  the  July  Number  of  the  Oeologioal  Magazine,  I  described 
certain  new  species  of  bivalve  Mollnsca  from  the  CarboniferooB 
series  of  Scotland.  Tbese  will  now  be  found  on  Plate  XIL, 
accompanied  by  three  other  well-marked  forms  from  the  same 
formation,  and  which  appear  to  me  to  be  undescribed.  In  Messrs. 
Young  and  Armstrong's  Catalogue  of  the  Carboniferous  Fossils 
of  the  West  of  Scotland^  is  recorded  a  new  species  of  PUroniU$, 
under  the  specific  name  of  P.  fluctuosua  (Etheridge,  MS.),  a  shell 
so  named  by  my  father,  but  never  yet  described.  P.  fiuetuosut  is 
specifically  remarkable  for  its  small  size,  and  the  absence  of  ribs 
on  the  anterior  side.  The  disposition  and  arrangement  of  the  sihell 
ornamentation  affords  a  good  means  of  specific  identification  in 
several  of  the  Carboniferous  species  of  PteroniteSf  as  the  foUowing 
synopsis  will  indicate : — 

Fteronites  persidcatua,  (McCoy).'  Shell  large,  with  the  snrfaoe 
covered  with  coarse,  rugged,  flezuons,  irregular,  slightly  interrupted 
ridges. 

P.  semtsulcatus  (McCoy).'  Posterior  wing  and  anterior  side  of  the 
sliell  devoid  of  ribs,  which  are  confined  to  the  central  portion  of  the 
shell,  where  they  are  obtusely  rounded,  and  vary  from  seven  to  eight 

P.  sidcatiis  (McCoy).*  The  wing  and  a  portion  of  the  posterior  end 
in  this  spccios  are  smooth ;  the  remaining  portion  of  the  shell,  includ- 
ing the  anterior  side,  is  "  roughened  by  about  thirteen  or  fourteen 
rugged  obtuse  ribs." 

P.  rcyularis  (K.  Etheridge).*  Here  we  have,  as  regards  general 
outline  and  form,  a  repetition  of  P.  persulcatus  (McCoy),  but  the 
shell  is  smaller,  and  the  ribs  are  even,  flexuous,  and  equidistant,  not 
rugged  or  broken  up. 

Such  is  the  variation  in  ribbing  amongst  the  larger  species  of 
Carboniferous  Pteronites  ;  and  if  we  now  add  the  same  characters  of 
the  species  about  to  be  described,  P.  fluciuosuSy  the  gradual  gradation 
and  variation  in  surface  ornamentation  will  be  apparent.  In  this 
species  the  wing  and  posterior  end,  instead  of  being  plain,  as  in 
P.  sulcatuSf  are  covered  with  ribs,  whilst  the  anterior  side  is  devoid 
of  such. 

Three  other  species  of  Pteronites  are  found  in  British  Carboniferous 
rocks,  but  as  two  of  them  are  smooth,  and  the  form  of  the  third  is 
sufficient  to  distinguish  it,  they  need  not  be  here  taken  into  account. 

*  J.  Young  and  J.  Armstrong, "  On  the  Carboniferous  Fossils  of  the  West  of  Scot- 
land," Trans.  Geol.  Soc.  Glasgow,  vol.  iii.,  1871. 

»  McCoy,  Brit.  Tal.  Fos.  p.  480,  pi.  3  F.  fig.  1. 
'  McCoy,  Synopsis  Carb.  Fob.  p.  81,  pi.  11,  fig.  32. 

*  McCoy,  Svnopsis  Carb.  Fos.  p.  82,  pi.  13,  fig.  5. 

*  R.  Etheridge,  Geol.  Mao.  July,  1873,  p.  298. 
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liej  are  P.  angustaius^  (MoCoy)  ;  P.  latuB*  (McCoy)  ;  and  P.  ventri- 
08U8^  (McCoy). 

Pteronites  fluetuoBus  unites,  in  the  disposition  of  its  shell  omamen- 
ition,  McCoy's  two  species,  P.  semisfdeatua  and  P.  stdcattu.  It 
grees  with  ^e  first-named  in  the  comparative  smoothness  of  the 
nterior  side,  but  departs  from  it  in  'the  possession  of  ribs  on  the 
osterior  side  and  wing,  which  likewise  distinguishes  it  from  the 
ist  named,  in  addition  to  the  anterior  ribs  of  that  species.  The 
pecific  diagnosis  of  P.  fluctuosua  is  as  follows  : — 

Pteronites  fluetttosus,  sp.  nov.,  PI.  XTT.,  Fig.  1. 

^  fluctuo9U8  (Etheridge,  MS.),  J.  Young  and  J.  Armstrong's  Cat 
Carb.  Foss.  W.  Scotland,  Trans.  G^l.  Soc.  Glasgow,  vol.  iii., 
1871,  p.  48.     {Without  description.) 

Specific  char. — ^Transversely  trigonal,  slightly  gibbous ;  anterior 
ide  rounded;  posterior  end  broad,  somewhat  sigmoidal;  posterior 
(ring  rather  large,  thin,  pointed,  and,  as  indicated  by  the  lines  of 
;rowth,  reaching  quite  as  far  as  the  posterior  side;  hinge-line 
traight,  well  pronounced ;  postero-ventral  margin  convex ;  antero- 
entral  margin  concave ;  beaks  large,  convex,  nearly  terminal ; 
urface  characteristically  ornamented ;  the  posterior  wing  is  marked 
vith  equidistant,  straight,  strong,  radiating  ribs ;  on  the  body  of  the 
hell  these  become  depressed,  broad,  and  flexuous,  passing  down 
owards  the  ventral  margin ;  beaks  and  anterior  end  of  the  shell  are 
omparatively  plain,  with  the  exception  of  a  few  lines  of  growth ; 
ines  of  growth  generally  well  marked,  about  five  or  six,  distinctly 
ndicating  the  pointed  nature  of  the  wing.  This  shell  is  usually 
bund  with  the  wing  somewhat  broken,  as  shown  in  the  figure,  re- 
mlting  probably  from  the  delicacy  of  the  shell. 

Localities, — Shale  of  the  Lower  Limestone  Series,  Craigenglen 
3ampsie.  Discovered  by  Mr.  J.  Young,  who  has  presented  specimens 
o  the  Museum  of  Practical  Geology,  London. 

One  of  the  more  interesting  groups  of  shells  found  in  Carboniferous 
ocks  is  that  of  the  AvicuIopectinidcB,  Making  its  first  appearance  in 
itrata  of  Devonian  age,  Avietdopecten  rapidly  increased  in  specific 
mportance  until  in  the  succeeding  Carboniferous  the  genus  attained 
ts  greatest  development.  From  beds  of  this  age  in  the  British  Islands 
done  no  less  than  about  ninety-four  species  have  been  described, 
[t  is,  however,  more  than  probable  that  many  of  these  so-called 
ipecies  are  only  the  corresponding  valves  of  forms  described  under 
mother  specific  name.  In  his  "  British  FalaBozoic  Fossils,"  .McCoy 
-emarks  that  although  the  generality  of  the  shells  originally  referred 
o  Pecten  in  PaleBozoic  rocks  would  fall  into  his  Aviculopecten,  still, 
;his  would  not  altogether  preclude  the  occurrence  of  Pecten,  and  in 
rapport  of  his  argument  cited  a  few  species  which  he  considered  bore 
)ut  his  views.  In  addition  to  those  mentioned  by  McCoy,  I  have 
mdence  to  show  that  several  more  of  our  Carboniferous  Pectinoid 
thells  possess  the  characteristic  central   cartilage-pit  in  the  hinge, 

I  McCoy.  I.e.  p.  81,  pi.  13,  f.  6.  -»  Ibid,  pi.  13,  f.  7.         »  Ibid,  pi.  13,  f.  8. 
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and  would  therefore  remain  in  the  genus  Peden,  as  origmall j  pltoed 
hy  their  respective  describers,  rather  than  AmculopeettMf  as  all  ndi 
shells  have  been  termed  since  McCoy  first  described  the  latter  gsBSi 
This  I  hope  to  make  the  subject  of  a  future  oommiinicatioBu 

An  exceedingly  graceful  species  of  A»iculope€ienf  'which  I  lud 
previously  laid  aside  as  different  from  any  described  form  I  coold 
meet  with,  has  lately  come  under  my  notice  in  considerable  qnantitiaft 
from  certain  of  the  Lanarkshire  Carboniferous  beds.  I  pinhole  to 
call  this 

Avicvlopeeien  omatm,  sp.  nov.,  PL  XU.,  Fig.  2. 

Sp.  chars. — ^Longitudinally  obovate,  slightly  convexy  flatteniog 
towards  the  margin,  slightly  inequilateral ;  ears  very  unequal ;  an- 
terior small,  triangular,  divided  from  the  body  of  the  shelL  and 
ornamented  with  strong  radiating  ridges,  which  are  crossed  by  fine 
delicate  strisB  ;  posterior  ear  large,  rectangular,  bat  in  perfect 
specimens  pointed,  as  shown  by  the  carving  of  the  lines  of 
growth ;  hinge-line  a  little  less  than  the  width  of  the  shell ;  shdl 
thin ;  ornamentation  very  characteristic,  concentrically  marked  witk 
exceedingly  close  lines  of  growth,  which  on  the  anterior  side  only 
are  crossed  by  very  delicate  and  flexuous  radiating  strise,  close  to* 
gether.     Both  valves  appear  to  be  alike. 

With  the  exception  of  the  small  anterior  ear.  A.  omatus  leeemNss 
to  a  certain  extent  A.  (Meleagrina)  rigida,^  McCoy,  in  general  outline, 
but  differs  in  numerous  minutisB,  and  forms  one  of  a  somewhat  laige 
series  of  thin-shelled  Aviadopectena,  common  in  Scotch  CarbonifeixKn 
rocks,  more  numerous  in  individuals  than  species,  comprising  sadi 
as  A.  suhclongatuSf  McCoy,  A,  {Pecten?)  deomatns,  PhiL,  Peetea 
{Amusium)  Sowerbii,  McCoy,  and  a  few  others. 

Locality. — Kinghom,  near  Burntisland,  Fife;  in  shale  of  the 
Lower  Limestone  Series.  Cabinet  of  Mr.  D.  J.  Brown,  EdinbuiglL 
Also  foimd  by  the  Geological  Survey  collectors  at  many  localities  in 
Lanarkshire  (see  forthcoming  Explanation  to  Sheet  28,  Greol.  Surrey 
of  Scotland). 

An  equally  interesting  series  of  shells,  although  not  nearly  so 
numerous  in  the  matter  of  species,  yet  quite  so  as  regards  individuals, 
are  the  Carboniferous  Nuculidttj  comprising  the  genera  Nueula  and 
Leda,  By  the  late  Mr.  J.  W.  Salter,  the  greater  portion  of  the 
Palaeozoic  species  of  those  genera  were  merged  in  his  CtenodonUi* a 
genus  originally  instituted  for  the  reception  of  certain  North  Ameri- 
can species  of  Arca,^  Nuculaj  etc  Salter's  Cteiiodonta  possesses  an 
external  ligament  and  hinge  teeth,  but  no  central  cartilage-pit, 
and,  so  far  as  Silurian  species  are  concerned,  is  a  good  genus; 
but  I  tliink  that  many  of  the  Carlx)niferous  Nuctda  and  Leda  re- 
ferred by  that  lamented  palaiontologist  to  Ctenodonta,^  were  so  placed 
hastily,  and  without  sufHcient  consideration.  I  have  examined  a 
very  largo  number  of  these  little  shells,  both  from  English  and 

*  McCoy,  I.e.,  p.  80,  pi.  13,  f.  16. 

'  Geol.  Sury.  Canada,  Decade  1,  p.  34. — Mcms.  Geol.  Survey,  Tol.  8,  app,  p.  34i. 
'  Brit.  Aas.  Rpt  1851,  Trans.  Sect.  p.  63. 

•  Menu.  Geol.  Suney,  Country  arouud  Oldham,  Sheet  88  S.W.,  p.  66. 
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fiboteh  Csrboauferoiis  beds,  and  have  neyer  yet  Buooeeded  in  finding 
aay  tmoe  of  aa  external  ligament ;  bnt,  on  the  contrary,  in  a  few 
iprdl-preserved  interiors  of  the  type  species  of  Nuetdaf  N.  gibhosa, 
Ileming  (N,  Uumdoy  FhiL),  I  have  distinctly  seen  the  cartilage-pit 

Aa  one  of  those  intermediate  forms  which  in  external  characters 
mate  the  genera  Leda  and  I^nada,  the  following  undescribed  species 
is  of  some  interest  I  have  as  yet  only  noted  it  from  Scotch  locali- 
ties, and,  although  abundant  as  regards  individuals,  is  one  of  the  less 
conunoH  species. 

Ledn  iniermedia,  sp.  nor.,  PL  XIL,  Fig.  3. 

8p.  ehara. — Shell  transversly  elongate  ;  valves  compressed  and 
flattened,  least  so  below  the  beaks ;  anterior  side  rounded ;  posterior 
side  compressed,  narrower  than  the  anterior,  with  a  blunt  rounded 
termination ;  beaks  nearly  central,  contiguous,  depressed ;  dorsal 
outline  slightly  convex  on  the  anterior  side,  concave  and  inclined 
downwards  on  the  posterior  side ;  ventral  margin  convex,  most  so  on 
the  anterior  side,  inclined  upwards  on  the  posterior  side ;  surface 
'With  very  dose  regular  concentric  strisB. 

This  is  a  well-marked  shell,  easily  distinguishable  from  an  allied 
form,  X.  attenuata,  Fleming,  by  its  very  compressed  valves,  much 
shorter  posterior  side,  and  the  almost  median  position  of  the  beaks, 
Of  all  tlie  published  descriptions  of  Carboniferous  Leda  within  my 
xoach,  L,  intermedia  approaches  nearest  to  L.  {Toldiaf)  hsvistricUa, 
Meek  and  Worthen,  from  the  upper  part  of  the  St  Louis  Group  of 
the  Carboniferous  Limestone  Series  of  Illinois.^ 

Locality. — Orchard  Quarry,  about  four  miles  south  of  Glasgow, 
in  the  shale  of  the  Orchard  Cement  Stone  (Upper  Limestone  Series). 
JLeda  intermedia  ranges  from  the  Wardie  Shales  (Calciferous  Sand- 
stone Series)  to  the  Upper  Limestone  Series.  I  have  lately  detected 
it  in  the  latter  at  Spy  Mill,  Water  of  Leith,  near  Edinburgh. 

EXPLANATION  OF  PLATE  XII.» 

Fio.  L — FterofUtf  Jiuetuoms,  Etheridge.  from  shale  below  the  Main  Limestone 
(Lower  Limestone  Series),  Cleckbimin  Quarry,  S.E.  of  Carluke,  Collec- 
tion of  the  Geological  Survey  of  Scotland.        x  2^. 

Fm.  t.-^Avie9Uop$eUn  wmatm,  E.  Etheridge,  from  shale  of  the  Lower  Limestone 
Series*  Kinghom,  Fife.  Natural  size.  Cabinet  of  Mr.  D.  J.  Brown, 
Edinburgh. 

Fig.  "Z.—Zeda  intermedia^  E.  Etheridge,  from  shale  of  the  Orchard  Cement  Stone, 
Orchard  Quarry,  near  Gloagow.        x  2. 

Fio.  4.— Portion  of  shell  of  another  specimen,  showing  the  close  fine  concentric  striffi. 

Fio.  6. — Canoeardium  decuasatunit  R.  Etheridge,  from  the  shale  of  the  Orchard 
Cement  Stone. 

YiQ,  6. — Pteronitet  regularis,  R.  Etheridge,  from  shale  of  the  Upper  Limestone 
Series,  Linn  Spout,  Dairy,  Ayrshire.   Cabinet  of  Mr.  J.  Young,  Glasgow. 

Fio.  T.^UyacitM  ?  (Allorisma)  tenuilinettta,  R.  Etheridge,  from  Lower  Limestone 
Series  at  Cousland,  near  Edinburgh.  Cabinet  of  Mr.  D.  J.  Brown, 
Edinburgh. 

»  PttlL  ra.  vol.  2,  p.  282,  pi.  20.  f.  7. 

'  In  consequence  of  the  serious  illness  of  the  artist,  Mr.  C.  L.  Griesbach,  this  Plate 
is  muToidaUy  postponed  until  the  September  Number. — Edit.  Gbol.  Mao. 
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IV. — On   the    Cabbonifebotjs    Deposit   of   the    Bbowv    Cm 
Hill  and  its  Belation  to  Comtiotjous  Coal-fislds. 

By  D.  J0NB8,  F.G.8. 

THE  Coal-measures  of  ihe  Brown  Cleo  aie  of  themselves  ex- 
tremely insignificant  and  unimportant.  The  total  aiet  is 
limited,  and  the  thickness  of  the  coals  would  not  have  entitled  them 
to  be  considered  of  commercial  value,  if  it  were  not  for  the  fact»  that 
from  its  elevated  position  it  is  placed  well  above  the  reach  of  water, 
and  hence  the  great  difficulties  which  beset  early  mining  opexatioiii 
in  freeing  the  mines  from  water  did  not  affect  the  ooal-mines  of  the 
Brown  Clee ;  consequently,  in  those  times  they  were  worked  to 
advantage,  but  there  is  very  little  coal  remaining  to  be  won. 
They  have,  however,  a  value  to  the  geologist,  as  indicatiTe  of  the 
much  wider  range  of  tlie  Coalbrookdale  Coal-measures  than  ii 
shown  by  its  present  boundary,  for  there  is  cm  unmistakable  analog}' 
between  both  deposits,  to  which  we  shall  presently  refer.' 

We  are  now  at  an  elevation  of  1730  feet  above  the  level  of  the 
sea,  upon  the  summit  of  a  hill,  which  is  surmounted  with  a  ci^ping 
of  Jew-stone,  and  beneath  it  a  patch  of  Coal-measures  not  exceeding 
a  total  thickness  of  110  feet  Beneath  that  we  have  Millstone  Grit, 
which,  it  has  been  stated,  is  200  feet  thick,  but  in  my  opinion  is 
considerably  less,  and  the  (Geological  Survey  have  omitted  to  show 
that  there  is  any  whatever. 

Below  that  we  get  the  whole  base  of  the  hill,  consisting  of  Old 
Red  Sandstone.  This  capping  of  Coal-measures  is  divided  into  two 
patches,  occupying  the  two  points  of  the  hill  known  as  Clee  Barf 
and  Abdon  Burf. 

The  presence  of  the  Jew-stone,  which  is  an  igneous  rock,  at  once 
gives  us  a  clue  to  the  cause  of  the  singular  elevation  of  these  coal 
patches ;  and  not  only  so,  but  explains  to  us  how  they  have  escaped 
the  denudation  which  has  overtaken  a  very  large  area  of  Coal- 
measures  that  once  laid  in  a  sheet  around  this  site,  the  Jew-stone 
having  acted  from  its  hard  and  obdurate  nature  as  a  protector  and 
breakwater  against  the  incursion  of  the  denuding  waves. 

Immediately  below  this  igneous  rock  we  have  a  coal  which  is  called 
the  "  Jew-stone  Black  Coal,"  which,  witli  the  intervening  partings, 
measures  about  4  feet.  At  13  feet  below  this  is  found  the  Three- 
quarter  Coal,  measuring  2ft  3in.,  and  I  should  not  forget  to  men- 
tion that  between  these  two  cools  is  a  substance  calQed  by  the 
miners  "  Black  Bessy's  Eyes,"  no  doubt  in  honour  of  some  belle  in 
the  miners'  village  long  ago. 

Beneath  the  Three-quarter  Coal,  at  a  distance  of  7ft.  9in.,  lies  the 
"  Batty  Coal,"  which,  with  coal  and  paintings,  measures  5ft.  Sin.  At 
63  feet  below  this  we  find  the  "Bottom  Coal,"  2ft.  4in.  thick, 
which  sometimes  rests  upon  the  Millstone  Grit,  but  more  frequently 
has  a  few  feet  of  Coal-measure  iuterv^ening. 

Not  far  above  the  Bottom  Coal  lies  the  Ironstone,  which  was 

^  Further  dctiik  relating  to  these  Conl-measurcs  are  given  in  a  paper  by  Mr.  D. 
Jones,  published  in  the  Geol.  Mao.,  Vol.  YIII.  p.  200. 
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merly  worked  to  a  oonsideiable  extent,  and  carried  into  Bewdlej 
rest  ibr  the  purpose  of  smelting. 

On  a  careful  comparison  of  this  section  with  that  of  the  Combrook 
»trict,  it  appears  there  is  an  unmistakable  identity,  and  these  coals 
>resent  those  of  Combrook,  ranging  from  the  "  Great  Coal "  to 

>  ''Four  Feet  Coal/'  but  there  is  this  remarkable  difference  in 

>  rest  of  the  deposits,  that  whereas  the  Bottom  Coal  of  the  Brown 
)e  (which  is  equivalent  to  the  Four  Feet  Coal  of  Combrook) 
its  upon  the  Millstone  Grit,  we  have  at  Combrook  a  thickness  of 
4  feet  of  Coal-measures  below  the  Four  Feet  Coal,  followed  by 
)  "  Gutter  Coal,"  and  other  measures,  making  a  total  of  454  feet 
rween  the  Four  Feet  Coal  and  the  Millstone  Grit  The  Millstone 
it  is  between  200  and  300  feet  thick  at  Combrook,  whereas  at 
)  Brown  Clee  it  cannot  exceed  50  feet  at  the  most.  The  points 
nearest  contact  between  Combrook  and  Brown  Clee  Hill  are 
)ut  three  miles  and  a  half  apart,  and  it  is  a  most  remarkable 
ng  that  such  a  difference  should  exist  with  regard  to  the  lower 
posits. 

t  may  remark  that  at  Harcott  there  is  another  patch  of  coals 
dch  correspond  with  those  of  Combrook  and  Brown  Clee ;  but  in 
it  instance  the  coals  rest  immediately  upon  Old  Bed  Sandstone, 
thout  any  intervening  Millstone  Grit.  How  then  does  it  happen 
it  at  Harcott  and  Brown  Clee  we  have  little  or  no  Coal-measures 
derlying  the  equivalent  of  the  Four  Feet  Coal,  whereas  we  have 
great  a  thickness  at  Combrook  ?  It  seems  to  me  that  subsequent 
the  deposition  of  the  Millstone  Grit  it  was  upheaved  in  the 
ality  of  Brown  Clee  and  Harcott ;  it  was  then  partially  denuded 
the  Brown  Clee,  but  at  Harcott  entirely  denuded.  In  the  low 
)und  at  Combrook,  the  **  Gutter  Coal"  and  Coal-measures  under- 
ng  the  Four  Feet  Coal  were  accumulated,  and  then  the  Four  Feet 
al  was  formed,  this  accumulation  of  Coal-measures  raising  the 
'^el  of  the  Four  Feet  Coal  sufficiently  high  to  allow  it  to  range 
Br  the  elevated  ground  which  we  have  referred  to  at  Harcott  and 
own  Clee. 

I  can  see  no  other  interpretation  of  this  phenomenon,  unless  it 
lid  be  shown  that  the  Harcott  and  Brown  Clee  Coals  are  the 
uivalents  of  the  "  Gutter  Coal "  of  Combrook,  but  a  careful  com- 
rison  of  the  sections  shows  distinctly  that  they  are  not;  on  the 
Qtrary,  they  all  answer  to  the  series  lying  between  the  Great 
al  and  the  Four  Feet  Coal  of  Combrook. 

It  is  very  interesting  to  trace  the  connexion  of  these  patches, 
cause  it  tends  to  elucidate  phenomena  which  present  themselves 
the  Coalbrookdale  fields,  where  a  vast  washing  away  of  coal 
•ata  has  taken  place,  and  has  produced  what  is  locally  known  as 
9  Syraon  Fault.  It  has  also  washed  off  much  of  the  deposits 
uth  of  a  line  drawn  from  Ketley  to  Lilleshall. 
To  a  person  travelling  through  Shropshire,  and  passing  over  the 
•al-measures  which  may  be  seen  distributed  over  several  parts  of 
9  county,  it  might  seem  an  extremely  rich  and  productive  coal 
strict;  but  he  would  be  grievously  deceived  if  he  placed  the 
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diBtrict  of  Bewdley  Forest  in  the  ligt  of  prodnotive  ooal-fieldt.  That 
it  once  was  the  site  of  a  rich  and  produotive  coal-field  then  can  be 
no  doubt,  and  this  is  testified  by  the  remnant  of  prodnctiYe  Coal- 
measures  found  at  Haroott;  but  the  main  original  depont  haa  been 
removed  by  denudation,  with  the^  exception  of  that  remnut  and  tka 
patches  at  Brown  Clee  and  Combrook.  The  void  waa  anbaequently 
filled  up  with  Upper  Coal-measures  of  the  unprodnotive  dhaiactar 
which  we  know  to  exist  in  the  Bewdley  district 

Seeing  that  the  Millstone  Grit  thickens  to  the  aonth-vreat,  aa  afc 
Combrook,  and  also  the  older  Coal-measures,  one  is  incliBed  ta 
believe  that  in  this  direction  we  are  passing  from  the  higli  gnraad 
which  forms  the  base  of  the  Coal*measures  at  Coalbrookdale  and  ia 
South  Staffordshire  into  lower  ground  capable  of  receiving  the 
Millstone  Grit  and  a  greater  thickness  of  Coal-meaaures ;  and  this 
being  so,  is  very  suggestive  of  the  probable  connexion  at  an  earlier 
period  of  these  coal-fields  with  those  further,  south,  aa,  for  instanoe^ 
the  Forest  of  Dean,  where  the  deposits  {u*e  of  a  similar  character. 

In  the  neighbourhood  of  Combrook  there  are  still  oonsideniUa 
quantities  of  coal  remaining  unwrought,  and  previous  to  the  exten- 
sion of  railway  communication  it  was  a  blessing  of  the  highest 
importance  to  the  district  that  this  Coal-field  had  escaped  denndatiai. 

It  may  seem,  perhaps,  surprising  that  the  greater  portion  of  the 
Combrook  Coal-field  is  covered  with  Jew-stone,  in  some  cases 
150  feet  thick,  which  has  been  poured  out  over  the  Coal-meaaures, 
and  so  protected  them  from  denudation.  Tliis  igneous  rock  is  of 
considerable  value  as  a  paving-stone,  and  the  nature  of  the  Jew- 
stone  at  Brown  Clce  and  Combrook  seems  to  be  precisely  the  same. 
They  were  probably  contemporaneous  ejections.  I  do  not  think  it 
probable  that  they  were  injected  between  the  strata  of  the  Coal- 
measures  in  the  same  way  as  we  find  in  South  Staffordshire,  where 
sheets  of  Biisalt  take  the  place  of  acres  of  coal.  The  Titterstone 
Clee  is  itself  an  ancient  volcano,  and  probably  was  active  at  the 
time  the  Jew-stone  was  spread  over  the  Coal-measures. 

Believing,  as  I  do,  that  all  these  patches  of  older  Coal-measures 
were  once  connected,  and  formed  part  and  parcel  of  the  Coalbrook- 
dale  and  South  Staffordshire  Coal-fields,  I  think  there  can  be  little 
doubt  tliat  the  Coal-measures  of  Cornbrook  and  Brown  Clee  were  at 
one  time  of  infinitely  greater  thickness  ;  but  previous  to  the  deposit 
of  the  Jew-stone  they  must  have  been  considerably  denuded,  because, 
so  far  as  we  can  co-relate  the  Combrook  deposits  with  those  of 
Coalbrookdale,  they  are  not  more  than  half  their  thickness,  so  that 
the  history  of  events  which  we  have  passed  before  us  in  review 
points  to  an  uneven  surface,  upon  which  the  Millstone  Grit  was 
dej^ositod ;  changes  of  level  and  denudation  at  tliat  time,  subse- 
quently tlic  deposition  of  Coal-measures  and  their  accumulation, 
until  the  whole  of  the  productive  Coal-measures  of  Coalbrookdale 
and  South  Staffordshire  were  formed — and  afterwards  a  vast  denu- 
dation over  tlio  districts  wo  are  speaking  of,  which  rehioved  the 
greater  part  of  this  deposit,  leaving  only  here  and  there  islands  to 
testify  that  they  once  had  been.     Then  foUows  the  deposit  of  the 
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Upper  Coal-measures  in  these  denuded  hollows,  first  filling  them 
np,  then  oovering  such  islands  of  older  Coal-measures  as  might 
remain. 

Uiaee  statoments  may  appear  startling  to  those  who  have  not 
made  a  study  of  the  sobjeot ;  but  I  can  assure  them  that  if  they  will 
mentally  peel  off  the  Upper  Coal-measures,  they  will  find  beneath 
the  TacuitieB  produced  by  this  denudation,  and  such  islands  of  older 
Coal-measures  as  may  have  been  left  They  will  find  that  they  have 
exposed  to  view  an  ancient  valley,  and  the  gradually  sloping  side  of 
the  Coalbrookdale  Coal-measures  thickening  as  they  retreat  from 
tbe  influence  of  the  waters. 

Still  further,  if  they  will  peel  off  the  Old  Coal-measures,  they  will 
find  a  8ur£BK3e  where  the  hollows  have  been  filled  up  with  Millstone 
Grit,  leaving  higher  ground  of  Silurian  rock,  and  it  is  only  by 
dealing  with  the  subject  in  this  .way  that  one  can  realize  to  one's 
self  the  events  which  must  have  taken  place.  These  truths,  never- 
theless, are  &r  less  astounding  than  those  which  are  unfolded  to  us 
by  other  sciences,  and  furthermore  they  are  not  statements  which 
are  invented  to  amuse,  but  they  are  truths  upon  which  great  com- 
nezoial  undertakings  in  mining  are  based. 


V. — Ow  Chanoks  or  Cumats  and  ExTiNonoir  or  Mamkalu.* 

By  Alex.  Andsrson,  Esq.,  J.P.,  Yictoria,  Yancoarer. 

IT  has  been  argued  by  some  that  the  seas  were  anciently  cooler 
than  at  the  present  day,  and  that  thence  certain  ulterior  effects 
might  be  assumed.  Without  treating  of  the  supposed  effects,  I  wish 
to  state  that  the  premiss  itself  seems  to  me  inconsistent  with  what, 
geologically  viewed,  appears  to  be  the  order  of  transition  through 
which  our  planet  has  passed  in  its  successive  changes.  My  own  un- 
professional view,  founded  upon  grounds  generally  admitted,  has 
been  that,  firom  a  temperature  originally  much  higher,  the  oceans  had 
gradually  cooled  down  under  adequate  influences  to  the  mean 
temperatures  which  they  now  maintain  under  the  permanent  climatic 
conditions  of  the  globe ;  and  indeed  that  the  peculiar  condition  dis- 
tinguished by  geologists  as  the  '^  Glacial  Period  "  was  but  the  effect 
of  the  rapid  condensation  of  the  vapours  arising  during  the  long- 
oontinned  process  of  cooling,  under  a  great  and  sudden  organic 
change.  I  will  not,  however,  dwell  on  this  point,  lest  I  should  seem 
but  to  iterate  arguments  that  have  already  proceeded  from  other 
sources.'  Nevertheless,  I  venture  further  into  the  consideration  of 
abstruse  points  conuiected  therewith,  in  vindication  of  the  position  I 

1  CommuTiicated  to  Prof.  Rupert  Jones,  F.R.S.,in  a  letter  dated  December  10th,  1870. 

*  I  make  this  remark  because  I  met  with  a  brief  notice  in  the  scientific  columns 
of  the  I/mdon  Illtutrated  Newt  of  August  13th,  1864,  from  which  I  learn  that 
ftof.  Frankland,  in  a  then  recent  lecture,  had  enunciated  views  on  this  subject 
almost  coincident  with  my  own :  and  also  thut  Prof.  De  la  Rive,  of  Geneva,  had  pro- 
mulgated a  similar  opinion  as  far  back  as  1852.  That  I  feel  flattered  by  the  support 
which  my  modestly  conceived  opinion  receives  incidentally  from  thaso  high  authorities, 
I  need  not  add ;  and  also  that  1  am  thereby  rendered  the  less  diffident  in  its  cx- 
praBaion. 
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have  advanced,  in  my  notes  on  the  improbability  of  the  coexistence 
of  tho  Reindeer  and  ancient  Hippopotamus,  oommunioated  to  the 
*'  Reliquia)  AquitanicsB." 

Under  no  ordinary  hypothesis  do  I  conceive — ^nor  is  my  opinion,  I 
believe,  un8upix)rted — that  the  great  terrestrial  changes  revealed  by 
the  observations  of  the  geologist  can  be  accounted  for.  Caasei 
immeasurably  more  potent  than  the  processes  of  Nature  as  at  present 
observable,  under  any  modification  that  the  imagination  can  realise, 
must  have  contributed  to  produce  the  stupendous  results  that  are 
apparent.  Short  of  successive  inclinations  of  the  earth's  axis  to 
greater  degrees  at  various  epochs,  I  conceive  of  no  adequate  agency : 
but,  this  agency  admitted,  much  that  is  otherwise  mysterious  woaM, 
I  opine,  be  satisfactorily  solveable.  Physically  viewed,  the  agenciea 
to  this  great  end  are  at  least  within  the  scope  of  the  imagination, 
under  those  universal  laws  of  gravitation  acting  on  a  spheroidal  man, 
exemplified  even  now  in  the  slight  periodical  nutation  of  the  pole 
under  the  varying  counter-attractions  of  the  sun  and  moon.  Were 
it  permitted  to  suppose  that  our  planet  was  at  one  period  attended, 
like  Jupiter,  by  several  satellites,  it  would  have  been  retained  by  the 
counterpoise  of  attraction  in  a  vertical  position  with  regard  to  iti 
orbit,  as  may  be  mathematically  demonstrable,  even  as  Jupiter  is  so 
now  retained — and  consequently  have  revolved  in  its  annual  oonrse 
without  a[)preciable  seasonal  variation.  The  successive  destruction, 
at  various  epochs,  of  these  imagined  satellites  would  have  produced 
proportional  deflections  of  the  axis  with  corresponding  variation  of 
season  and  climate ;  the  last,  that  condition  under  which  Man  was 
created  and  exists.  Astronomy  teaches  us  that  planetary  catastrophes, 
such  as  here  supposed,  are  not  only  within  the  limit  of  possibihty, 
but  have  actually  occurred.  It  has  been  suggested  even  that  the 
meteoric  stones,  of  which  the  frequent  fall  has  been  enigmatical,  are 
but  the  scattered  fragments  of  anciently  disrupted  spheres  revolving 
in  space  until  casually  coining  within  the  earth's  attmction.  May  it 
not  then  be  permissible,  if  the  theory  I  have  hazarded  be  not  sum- 
marily rejected,  to  suppose  that  some,  at  least,  of  these  mysterious 
visitors  may  be  but  the  scattered  relics  of  vanished  satellites  of  our 
o^vn  planet?  Step  by  step  the  geologist,  instructed  by  gradually 
develuj)ed  indications,  approaches  conclusions  of  which  the  principles 
only  are  shadowed  forth  in  the  revealed  account  of  the  cosmogony, 
but  to  which,  reverentially  accepted,  they  nowhere  stand  in  opposi- 
tion. The  history  of  the  science  has  well  been  termed  "  a  grooving 
evidence."  Yet  in  its  revelations,  while  much  may  be  demonstrated 
by  c^)inparison  with  palpable  tyj)es,  much  again  nnist  bo  inferential, 
from  the  collation  of  circumstances  with  the  undeviating  processes  of 
known  natund  laws. 

Under  the  assumption  I  have  advanced,  the  formation  of  Coal, 
originating  from  a  vegetation  consistent  only  with  a  climate  analo- 
gous to  the  inter- tropical  climates  of  to-day,  and  irreconcilable  with 
the  variations  incident  to  the  temperate  zones,  may  have  proceeded 
far  beyond  the  limits  where  that  fossil  fuel  is  now  known  chiefly  to 
exist.  It  might  be  predicated,  indeed,  that  Coal-fields  exist  even  within 
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the  bonnds  of  iha  Polar  Cirole.  To  subsequent  deflections  of  the  axis 
▼arious  observed  phenomena  may  consistently  be  ascribed ;  and  it  is 
as  a  sequence  to  the  latest  convulsion,  and  pending  the  resulting  dis- 
turbance, that  the  enormous  evaporation  and  condensation  of  the 
Glacial  Period  may  be  conceived  to  have  proceeded.*  I  do  not  pro- 
fess to  enter  upon  the  physical  minutisB  of  this  stupendous  process ; 
leaving  that  to  the  imagination  in  view  of  obvious  natuial  laws. 
Immediately  antecedent,  however,  to  this  latest  convulsion,  I  assume 
to  have  existed  the  dass  of  extinct  Mammalia  typified  by  the  woolly 
Elephant  and  Bhinoceros  of  the  north,  and  the  cmcient  Hippopota- 
mus of  what  are  now  the  temperate  zones : '  by  this  convidsion  I 
infer  they  were  destroyed. 

The  grounds  for  this  inference,  as  I  shall  endeavour  to  show,  do 
not  exist  entirely  in  the  imagination.  The  condition  of  the  two  well- 
authenticated  specimens  of  tne  first-named  animals  revealed  to  view 

*  The  disturbance  here  alluded  to  may  be  subject  to  the  following  explann- 
tion.  Under  an  established  law  of  Mechanics  the  sudden  change  of  tbe  balance 
of  graritation  supposed  must  neeessarily  have  been  attended  with  a  corresponding 
Bntetion  in  the  vertical  plane,  oomparatiTelj  like  the  oscillation  of  a  pendultmi,  or 
thfi  Tibrations  of  the  magnetic  neeole  when  accidentally  deflected.  The  first  effect 
hence  arising  would  have  been  to  produce  an  abnormal  declination ;  in  other  words,  to 
extend  temporarily  the  limits  of  the  polar  zones  far  beyond  their  permanent  confines  : 
the  oonverse  effect^  upon  reaction,  to  contract  them  for  a  time  proportionably,  though 
to  a  less  extent.  Hence  two  extremes  of  climate,  both  abnormal,  must  be  conceived 
to  have  resulted  during  an  indefinite  interval.  Successive  alternations,  each  gradually 
decreasing  iif  intensity,  would  have  followed,  until  the  globe  at  length  subsided  under 
the  gravitating  force  into  that  state  of  permanency  which  it  has  since  retained.  The 
ioumnatlon  is  lost  while  contemplating  either  the  extent  or  the  duration  of  tbe 
mechanical  process  thus  theoretically  assumed.  From  the  vast  inertia,  however,  of  the 
disturbed  mass  suspended  in  space  and  subject  to  no  retarding  influence  beyond  that  of 
gravitating  attraction,  it  seems  obvious  that  the  effect  must  nave  been  both  great  and 
uing  continued  :  and  specially  that  the  extremes  of  climate,  occurring  at  the  reverting 
points,  must  have  been  greatly  protracted.  This  view  admitted,  it  follows  that  the 
eondensation  of  the  vapours  arising  from  the  cooling  oceans  must  have  been  immeasur- 
ably ^eat.  A  condition  of  the  globe  may  be  conceived  of  under  which,  shrouded  in 
mist  impenetrable  by  the  solar  rays,  the  formation  of  snow  must  incessantly  have  pro- 
ceeded. On  the  contrary,  at  the  tpposite  point,  under  a  temperature  alike  extreme, 
TMt  floods  must  have  resulted  from  the  melting  snows :  again  succeeded  by  a  reversed 
oondition,  producing  ice.  Thus  alternately  the  process  would  have  continued,  each 
successive  revolution  lessening  in  degree,  until  ultimately  the  shaken  sphere  subsided 
into  that  normal  condition  of  repose  which  it  has  since  retained. 

Tbe  floods  thus  generated  upon  the  polar  confines,  in  their  progress  towards  the 
equatorial  regions  would  not,  it  may  be  inferred,  have  assumed  a  course  continuing 
due  south,  but  deflecting  gradually  to  the  westward,  in  obedience  to, the  same  physical 
law  by  which  the  course  of  the  trade-winds  is  regulated ;  a  result,  at  least  >vith  regard 
to  the  Northern  Hemisphere,  iu  accordance,  I  believe,  with  the  course  of  the  ice-drift 
observed  both  in  Europe  and  America  in  those  positions  where  local  obstacles  have 
not  casually  diverted  it.  By  the  agency  of  these  floods,  in  addition  to  the  ice-con- 
tained fragments  of  rocks  with  the  remains  of  extinct  races  of  animals,  the  timber, 
leaves,  and  other  vegetable  matter,  the  produce  apparently  of  the  far  north  in  the 
antecedent  condition  of  the  globe,  have  likewise  been  transported.  These,  as  shown 
by  the  observations  of  Mr.  Charles  Whittlesey,  are  discovered  in  America  imbedded 
deeply  in  the  diluvial  drift.* 

•  See  Notes  on  the  former  existence  of  the  Hippopotamus  in  Europe,  by  Mr. 
Anderson,  in  the  '*  KeliquioB  Aquitanicoe,"  Parts  xi.  and  xii. — Editoil 

•  Prof.  Henry's  rfsumS  of  Mr.  Charles  Whittlesey's  Note?  on  the  Glacial  Drift  of  the  North- 
western States.    Tranttactions  of  Smithsonian  Institute,  1866,  page  35. 

VOL.  X  — no.  ex.  1^ 
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in  recent  times,  ioe-preBerred,  in  the  wilds  of  Siberia^  presents  to 
our  consideration  several  points  of  indisputable  oogency. 

1st  That  the  destruction  was  sudden,  apparently  simultaneoiMi 
and  succeeded  immediately  by  oonditions  of  dimate  under  whidi  tbe 
process  of  decay  was  arresteoL 

2nd.  That  these  conditions  of  climate  were  oontinaoas  for  s 
lengthened  period,  as  proved  by  the  great  aooumulation  of  ioe  in 
which  the  remains  had  been  imbedded. 

drd.  That  the  region  inhabited  by  these  animals  presented  daxing 
their  existence  a  climate  subject  to  the  variations  now  proper  to  tliA 
temperate  zones, — a  condition  inoompatible  with  the  present  dedini- 
tion  of  the  terrestrial  axis. 

4th.  That  the  period  of  their  destruction  was  presumptively  at 
mid- winter  of  the  northern  hemisphere;  oertunly  between  the 
months  of  September  and  April'of  our  present  calendar.^ 

On  the  other  hand,  the  constant  supply  of  fossil  ivory*  found  within 
the  arctic  limits,  liberated  from  time  to  time  we  must  presume  fiom 
the  icy  store-houses  around,  proves  that  the  race  producing  it  must 
have  been  numerous,  and  occupied  widely  the  zone  which  now  pre- 
sents an  aspect  so  different  from  that  under  which  these  animals 
must  have  existed.  As  a  corollary  to  this  ancient  condition  of  what 
is  now  the  frigid  zone,  a  corresponding  disparity  of  climate  must  be 
admitted  for  the  temperate  regions  of  to-day,  consistent  with  the 
former  existence  there  of  the  extinct  Hippopotamus,  and  of  other 
animals,  the  types  of  modem  species  confined  to  intertropical  climates 
under  the  present  unvarying  conditions  of  our  planet 


VI. — On  the  Nombnolaturk  of  Schistose  Hooks. 

By  G.  H.  Kinahan,  M.R.I. A.,  etc., 
of  the  Geological  Surrey  of  tbe  United  Kingdom. 

IIHE  term  Quartzyte  ^as  heen  used  to  designate  quartz-schist  and 
seems  to  be  generally  adopted,  while  Argillyte  is  used  by  some 
authorities  in  place  of  argillous  or  argillaceous-schist  I  would  there- 
fore suggest  that  the  other  subgroups  and  varieties  of  schistose  rocks 

^  The  analogy  between  the  conditions  of  the  existing  Bison  of  North  America  and 
that  of  the  extinct  animals  is  striking ;  the  inference  follows  in  regard  to  the  dimatie 
and  seasonal  circumstances.  Subjected  to  extremes  of  heat  and  cold  in  ita  natnnl 
habitat^  the  Bison  is  endowed  by  Nature  with  a  provision  conformable  to  both. 
During  winter  a  thick  coating  of  fine  wool  uuderlira  its  shaggy  coTcring  of  hair; 
precisely  as  in  the  cases  cited  in  the  text.  As  summer  approaches,  this  wintry  garment 
gradually  falls  off,  tind  is  succeeded  by  a  thin  coating  of  new  hair,  correspoiSingfor 
the  time  with  that  of  the  Buffalo  of  Asia  and  Africa,  to  which,  as  to  the  modem 
Elephant  and  Rhinoceros,  a  warmer  covering  is  at  no  time  necessary. 

^  Upwards  of  600  mammoth  tusks  were  last  week  offered  for  sale  at  the  Irorj 
Warehouse,  London  Docks.  Some  of  these  were  from  nine  to  ten  feet  in  length,  and 
presented  the  peculiar  double  curve  so  characteristic  of  the  tusks  of  E.  primigeniMH 
wherever  met  with.  See  Geol.  Mao.,  1868,  Vol.  V.  p.  640,  Plates  XXIi.  and  XXIII. 
— Edit.  Geol.  Mao. 
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Id  be  given  similar  names.     Under  such 
its  might  be  called  as  follows ; — 


^<tf  Arailloiu-fchist 

toiityte  Ohustolite-aehift 

'iifU  PbyUite-schist 

*nyi4  Carbonaoeons-ichist 

tyte  Alnm-flcliist 

t0  Caloar«oi»-8cliiit 

*ii$fU  Dolomitio-flchirt 

tzyU  Qoarts-achiat 

ktmyU  Flexible  qoartzyte 

yts  Femlg^l01U  qnartiyte 

ifte  Pelnte-schist 


Somblendyte 

AetinolitffU 

ChloritPu 

TaUyte 

OmmttyU 

ShorljfU 

RhtdtizityU 

EmnatUyU 

Pyrityte 

PyrrhotUyU 


L  this  list  has  been  retained  such  old  terms 
3,  and  Itabiryte,  as  they  are  already  in  use. 


a  nomendatare  the 

Mioa-aebUt 

Hornblende-flchist 

Aetinolite-flchiit 

Chlorite-flchiBt 

Talc-flchist 

Garnet-schist 

Tounnaline-schist 

Magnesia-schist 

Mico-iron-schist 

Pyrite-schist , 

Pyrite-schist 

as  Spilyte>  Itaoolo- 


— NOTSS    AND    QUSBISS    ON     THB    CLASSIFICATION    AND  NOKEM- 
OLATUBB  or  THX  ENGLISH  StBATA. 

(Commonicated  by  W.  S.  M.) 
{Cmtinued  from  page  115.) 

'eviations, — A.  a. — ^Beoognized  as  a  separate  formation  with  defi- 
nite limits,  by 
h. — In  the  year 
e. — ^Where  published 
d,  —Under  the  name 
e. — Origin  of  the  name 
B. — Changes  in  previous  grouping  or  name. 
C. — Subsequent  changes. 
KB  Gbbbnsand.     a.  (a)  Fitton.     (6)  1824.     (c)  Ann.  Phil.  vol. 
viii.  n.s.,  p.  871.    (d)  Greensand.    (e)  Retained  the  title  green 
sand  because  it  had  '*  been  adopted  so  very  generally  by  the 
geologists  of  England/'  but  protested  that  the  term  was  "ob- 
jectionable, as  being  derived  from  a  character  which  is  not 
only  very  variable,  but  in  reality  does  not  belong  to  the 
greater  part  of  this  stratum."    [Query — When  was  "  Lower" 
added  to  the  name  ?] 
B.     See  supr^  p.  114. 

G.  ''  Neocomian "  was  first  used  as  a  name  for  the  Lower 
Greensand  of  England  by  Dr.  Fitton  in  his  paper  on  Ather- 
field,  Jan.  1845.     Joum.  Geol.  Soc.,  vol  ii.,  p.  65. 

The  subdivisions  "  Folkestone  beds,"  "  Sandgate-beds," 
"  Hythe-beds  "  (Kentish-rag),  and  "  Atherfield  Clay  "  were 
first  recognized  by  the  Survey,  after  the  work  of  Messrs.  Drew 
and  Foster  in  1863.  The  first  three  of  these  groups  were  re- 
cognized by  Dr.  Fitton  in  his  paper  on  the  "Strata  below  the 
Chalk,"  1827,  Geol.  Trans.,  ser.  2,  vol.  iv.  p.  115,  but  they 
were  not  named.  The  names  are  those  of  the  places  where 
the  formations  are  best  seen. 
LLD  Clat.  A.  (a)  Fitton.  (6)  1824.  (c)  Ann.  Phil.,  vol.  viii., 
n.8.,  p.  373.  (d)  Clay  (of  the  Wealds  and  Tetsworth),  at  p. 
369,  and  Weald  Clay,  p.  373.     (e)  Conybeare  and  PhilU^a 
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(1822\  p.  120,  used  the  term  Weald  Chy,  oonfoimdmg  with 
it  the  Gait. 
B.     Smith  had  confounded  this  with  Kimmeridge  Clay,  and  iNi 
mapped  both  as  ''Oaktree  Clay."    Webster  had  grouped  witt 
"  Ferruginous  Sand." 

c.  xa. 

Hastings  Sands.  A.  (a)  Fitton.  (()  1824.  («)  Ami.  PhiL,  ▼oLTifi.r 
n.s.,  p.  373.  (J)  Hastings  Sands,  {e)  Named  beeaoM  it 
Hastings  "the  strata  are  well  developed  and  oonspicooui^" 
p.  377. 
B.  The  formation  had  been  grouped  with  "  Feimginous  Sand" 
by  Webster,  with  the  *'Iron  Sand"  by  Conybeaie  and 
Phillips,  and  as  they  remark  at  p.  136,  "  It  is  not  possible  to 
assign  the  synon  jme  employed  in  the  geological  works  of  Mr. 
Smith." 
G.  The  subdivisions  of  the  Hastings  Sands  into  "  Horshim 
Stone,"  "Tunbridge  Wells  Sand,"  "Cuckfield  Clay,"  "Grin- 
stead  Clay,"  **Watlhurst  Clay,"  "AshdownSand,"  <'Ashbara- 
ham  Beds,"  were  made  by  Messrs.  Bristow  and  C.  Le  Nere 
Foster  in  the  Geol.  Survey  maps,  published  1864. 

Weald  EX,  as  a  group  name,  was  first  proposed  by  Mr.  Martin  in  bit 
''  Memoir  on  a  Part  of  Western  Sussex,"  1828,  and  adopted 
by  Fitton  in  a  paper  read  in  1827 1 !  Trans.  GreoL  Soa,  ser.  2, 
vol.  iv.,  p.  103. 


isroTiCES    OIF    nsdZEHSdioxi&S- 

I. — On  the  Metals  and  Minerals  of  Upper  Bcrmah.     By  Capt. 
G.  A.  Strover,  Political  Agent,  ManJalay. 

[Published  by  order  of  the  Government  of  India ;  Department  of  A^cultoK,  BeTenae, 

and  Commerce.] 

THE  Chief  Commissioner  having  called  for  a  report  upon  certain 
mineral  products  of  this  country,  it  has  occurred  to  me  that  as 
many  years  have  elapsed  since  any  concise  information  has  been 
given  upon  the  subject  of  metiils  and  minerals  generally,  and  as  our 
knowledge  regarding  these  products  has  been  greatly  extended  of 
late  in  consequence  of  increased  intercourse  between  the  British  and 
Burmese  Governments  and  the  subjects  of  each  nation,  it  will  not  he 
out  of  place,  and  of  some  interest,  to  give  a  brief  sketch  of  the  re- 
sources of  Upper  Burmah  as  regards  the  same. 

G(tld. — It  has  been  generally  supposed  that  Upper  Burmah  is  not 
rich  in  itself  as  regards  this  metal,  but  thei-e  would  seem  to  be  good 
grounds  for  sup|>osing  that  it  exists  very  extensively.  In  former 
years  tbo  gold  used  in  tlie  country  was  imported  from  China  to  the 
extent  of  some  400  or  500  viss  annually,  but  the  imports  have  con- 
siderably decreased  since  the  commencement  of  the  Mahomedan 
rebelli'^n  in  Ynnan,  and  now  do  not  exceed  200  viss  per  annum,  the 
deficiency  being  imported  from  Rangoon.  It  is  an  article  that  is 
greatly  used  in  the  decorative  art,  and  appears  to  be  generaUy 
plentiful. 
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In  the  Mogoong  district  there  would  seem  to  be  a  gold-field  that, 
properly  worked,  would  prove  very  productive.  Some  years  ago, 
Mr.  (folding,  of  Australian  experience,  contracted  with  the  King 
work  one  square  mile  of  this  field  i(x  a  sum  of  Bs.  25,000  an- 
lally,  for  ten  years,  but  unfortunately  the  district  proved  to  be 
alarious  and  Mr.  Gk>lding  succumbed  to  fever ;  he,  however,  pro- 
^iinced  the  fields  to  be  equal  to  any  in  Australia,  if  not  better.  I 
a  not  aware  that  he  succeeded  in  procuring  much  gold.  Since  then 
»  attempt  has  been  made  on  the  part  of  the  Burmese  Government 
work  the  mines. 

To  the  north-east  of  Mandalay,  in  the  %an  States,  there  is  another 
dd  of  gold.  My  information  tends  to  show  that  here  again,  with 
leigy  and  enterprise,  considerable  quantities  of  gold  could  be 
:tracted,  and  the  mines  prove  very  productive ;  but  the  locality  at 
resent  is  malarious,  and  but  little  gold  is  procured. 
At  Thayet^pein-yua,  near  the  Myit-Nyay,  on  the  road  to  Pyoung- 
Loo,  to  the  south-east  of  Mandalay,  Uie  gold  quartz  is  found  in 
randanoe,  the  reefs  cropping  up  from  the  ground,  and  there  is 
ason  to  believe  that  very  valuable  gold-mines  are  in  existence,  and 
»uld  be  worked  and  developed  with  little  trouble.  A  Shan  lately 
-ocured  from  here  a  piece  of  quartz  3^  lbs.  in  weight  that  produced 
Laotly  2\  ticals  of  gold. 

In  tiie  Yaw  district,  to  the  south-west  of  Mandalay,  gold  is  obtained 

fair  quantities  in  the  alluvial  deposits  ;  it  exists  at  Sagaing,  Kannee, 

3in-joo,  and  is  also  obtained  from  the  Kyeend-ween  river,  and,  in- 

3ed,  it  is  procurable  from  the  sands  of  most  of  the  streams  between 

landalay  and  Mogoung.     The  natural  conclusion  from  this  profusion 

f  gold  in  the  rivers  and  streams  of  Upper  Buimah  is  that  it  exists 

L  large  quantities  in  situ  somewhere,  and,  as  I  have  explained,  this 

the  case,  and  doubtless  there  are  more  deposits  that  have  not  been 

iscovered. 

Silver  is  found  in  many  localities  in  the  Shan  States  to  the  east 

*  the  Irrawaddy  river,  but  the  most  prolific  mines  are  those  situated 
i  Bawyine,  Eyouktch  and  Toung-byne,  near  Theebaw,  to  the  north- 
kst  of  Mandaday.  It  is  mixed  with  lead,  and  is  in  fact  a  rich 
^gentiferous  galena.  One  mine,  the  Kampanee,  will  yield  as  much 
I  40  ticals  of  silver  and  25  viss  of  lead  from  one  basket  of  the  ore, 
hile  the  poorest  mine  gives  4  ticals  of  silver  and  30  viss  of  lead, 
ther  mines  exist,  such  as  the  Baudween,  Baudweengyee  and 
igaing.  The  metal  is  also  found  in  other  towns  unmixed  with 
ad.  The  supply  of  silver  obtained  hitherto  has  been  sufficient  for 
le  requirements  of  the  country  in  conjunction  with  the  imports 
om  Yunan. 

Copper. — This  metal  is  found  in  the  Shan  States,  but  is  not  worked. 

is  aJso  found  at  Kolen-myo  and  Sagaing ;  at  Bawyine  and  Kolen- 
yo  the  malachite  appears  to  be  of  a  rich  description.  The  copper 
■sources  of  the  Shan  States  do  not  appear  to  have  been  ever  utilized 

•  any  extent,  and  the  deposits,  which  seem  to  be  abundant,  remain 
nature  placed  them.     The  Saigaing  mines  were  worked  in  former 

oies  by  Chinese,  but  many  years  have  elapsed  now  since  they  were 
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abandoned.  The  snrfaoe  ore  is  not  promising.  Most  of  the  oofper 
used  in  Upper  Burmah  is  imported  from  China.  It  is  plentiMin 
the  Province  of  Yunan. 

Iron. — Iron  abounds  in  the  Shan  States,  and  the  district  of  TtgOt 
to  the  south  of  Mandalay,  is  noted  for  it.  A  manafJEM^toiy  exists  <tt 
a  rough  and  ready  scale  in  this  district  at  Pohpah  Touiie,  bat  tibe 
outturn  is  inconsiderable.  To  the  west  of  Sagaing,  for  milee  up  Hie 
Irrawaddy  river,  the  oro  abounds — a  rich  hematite^  His  Majesty  ii 
now  procuring  iron  works  from  England,  and  will  before  long  htm 
a  large  foundry,  with  all  the  roquisite  machinery,  erected  and  it 
work  at  Sagaing.  The  surface  hasmatite  alone  will  feed  it  for  yean 
to  come,  if  woricod. 

Two  mining  engineers  aro  now  awaiting  the  arrival  of  the  workf, 
and  expect  to  proceed  to  Sagaing  soon  to  commence  operations. 

Lead  is  found  in  abundance  in  the  Shan  States,  and  is  extracted 
from  galena.  Considerable  quantities  of  this  metal  could  be  obtained 
if  such  was  desired.  At  present  moderate  supplies  are  procured, 
sufficient  for  the  requiroments  of  the  land.  It  is  also  imported  finom 
Yunan. 

Tin. — ^This  metal  exists  in  the  Shan  States  to  the  soath-eastof 
Mandalay,  but  the  mines  have  nevw  been  worked.  The  tin  con- 
sumed in  the  country  now  is  all  imported. 

Platinum  is  said  to  exist  in  the  Shan  States,  and  it  seems  probable 
that  it  does  exist,  but  I  have  no  reliable  information  on  this  point 

Graphite  is  found  to  the  east  of  Nat-taik  in  large  quantities  on  a 
low  range  of  hills  near  the  village  Nyoke-toke.     It  is  not  utilized. 

Coal, — ^This  mineral  is  known  to  exist  at  Thingadaw,  about  70 
miles  above  Mandalay,  on  the  western  bank  of  the  Irrawaddy;  at 
Shuaygoo  below  Bhamo ;  at  Meimbaloung  in  the  Shan  States  east  of 
Mandalay ;  to  the  south-west  of  Mandalay  in  the  Yaw  district,  at 
Yaignaw,  east  of  Nat-taik.  It  is  found  at  Pagan  and  Shimpagah, 
and  it  is  probable  that  it  exists  near  Meuhla  and  Yeynangyoung. 
At  Thingadaw  the  coal  has  been  extracted,  but  it  is  of  an  inferior 
description  and  more  resembles  lignite  than  true  mineral  coaL 
An  attempt  was  lately  mode  hero  to  ascertain  the  productiveness  of 
the  coal-beds.  It  is  nearly  certain  that  plenty  of  cool  exists  in  the 
locality,  and  a  few  more  borings  would  probably  prove  this.  The 
coal-bed  in  the  Shan  States  at  Meimbaloung  contains  true  mineral 
coal,  and  consequently  a  valuable  coal.  It  has  been  inspected  by  an 
experienced  mining  engineer,  and  highly  approved  of  as  equal  to  the 
best  English  coal.  There  is  little  doubt  that  the  beds  are  extensive, 
but  unfortunately  the  distance  inland  is  great,  and  no  easy  means  are 
available  for  transporting  the  coal  to  the  lowlands;  indeed,  the  only 
method  at  present  is  by  floating  it  down  mountain  streams  and  rapids 
on  rafts,  which  entails  considerable  risk  and  loss  of  coal.  European 
skill  and  enterprise  would  soon  make  a  safe  route  of  one  description 
or  another  if  really  required  by  the  Government;  it  romains  at 
present,  with  neighbouring  wealth,  where  nature  placed  it,  awaiting 
development  in  times  to  come. 

JaJc  ami  Amber. — The  quality  and  extent  of  these  mines  above 
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Mbgonng  is  well  known.    They  are  both  extensive  and  capable  of 
development. 

Sulphur. — This  substance  is  not  found  in  mass  or  in  its  native  state 
in  Upper  Burmah,  mm  generis,  but  is  found  in  efflorescent  salts,  and 
IB  manufiEUitured  from  metallic  sulphurets.  The  following  is  a  list  of 
looalitiee  where  it  is  made,  and  the  yearly  average  outturn : — 

Mooda  Myo,  N. 
Tsem-goon,  E.S.E.... 

Kyouk-hoOf  8.12 

Bawyine,  Shan  States,  S.E.  ••• 

Dybayen  Myo,  N.W 

Pagan  Myo,  west  bank  of  the  Irrawaddy 

Toungthoo  Einlay,  E.S.E 

From  the  Bhamo  District     

Total  Viss  Yearly      28,000  =  39  tons  1 J  cwt 

At  Toungthoo  Einlay,  to  the  south-east  of  Mandalay,  sulphur  is 
mann&ctured  by  the  Toungthoo  Shans,  who  sell  their  outturn  to  the 
King;  at  all  the  other  places  the  mines  are  worked  by  His  Majesty. 

The  Bawyine  works  have  been  increased  during  the  past  month 
by  four  extra  furnaces,  which  will  give  about  5,000  viss  more  per 
annum.  Sulphur  appears  to  abound  in  the  Shan  States;  in  fact, 
at  Bawyine,  Kyouktah,  Dybayen,  Pagan,  and  Toungthoo  Einlay 
the  supply  seems  to  be  unlimited.  It  is  found  in  the  Tertiary  blue 
day  from  12  to  20  feet  below  the  surface,  which  is  an  alluvial 
deposit  above  the  Old  Ked  Sandstone ;  it  is  embedded  in  the  clay,  and 
consists  of  very  hard  metallic  pyrites  of  some  size. 

The  mode  of  extracting  the  sulphur  is  very  simple.  Common 
chatty-shaped  vessels  are  made  on  the  spot  from  the  soft  blue  clay 
in  which  the  ore  is  found.  The  larger  vessel  is  filled  with  broken 
ore  and  placed  on  a  fire,  a  clay  retort  being  filled  to  the  top,  and 
communicating  with  the  smaller  vessel.  The  sulphur  is  thus  sub- 
limed and  condensed,  after  which  the  retort  is  broken  and  a 
hollow  tube  of  flower  of  sulphur  extracted  therefrom  which  is 
snperior  to  that  condensed  in  the  vessel.  Iron  pyrites  do  not  appear 
to  be  utilized  in  the  manufacture  of  sulphur,  and  it  is  doubtful 
whether  the  Burmese  could  utilize  it.  Pyrites  are  to  be  found 
in  abundance  in  parts  of  Upper  Burmah  and  the  Shan  States. 
The  imports  from  Yunan  are  aJso  considerable  every  year. 

It  is  manufactured  in  Yunan,  and  in  the  Shit-Pyee-Doung,  or 
eight  Shan  States  to  the  north-east  of  Bhamo,  at  present  under  tlie 
rule  of  the  Chinese,  or  tantamount  to  the  same.  European  sulphur 
can  be  purchased  in  the  bazars  at  the  rate  of  Rs.  3  per  viss. 

Saltpetre  is  manufactured  at  the  following  places  in  Upper 
Burm^ : — Toungthoo  Einlay,  Ameerapoora,  Shimpagah,  Ong-ben- 
lay,  Leen-gine,  Sameet-koon,  Pyogan,  Aung-gyeen,  Samoon-gyee, 
Oo-yun-galay,  Shuaybo,  Satoung-ma,  Salem-myo,  Yoon-doo,  Myo-tha, 
Tsit-kine,  Aloon,  Tee-ber-Yeen,  Myay-Yeen,  Shin-bin-oon-Eni,  Yua- 

«  8  Viss  are  equal  to  1  Maund  or  25  lbs.  avoirdupoise. 
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■hit-gjce,  Enidyne  Yua  (Eyonksay,  S.E.),  Eut  of  Pi^gan  (Yoongdiv 

Toung).  ^ 

The  yearly  average  outtam  is  aboat  40,000  Tits.  The  numune- 
ture  is  not  prohibited  as  with  sulphur,  and  ootnsidexmble  qiMintiHw 
are  used  in  the  x>reparation  of  fireworks. 

The  manufactures  at  Toungtboo  Einlay,  Eindyne,  KyoukHgr. 
Yoongdaw  Toung,  and  Sameet-koon  can  produce  very  laigdy  if 
required. 

At  Toungthoo  Einlay  the  Toungtboo  Shans  in  former  times  ued 
to  make  from  20  to  25,000  xiss  of  saltpetre  per  annum,  but  emign- 
tiou  to  British  territory  has  considerably  reduced  this. 

The  price  of  saltpetre  is  Rs.  50  per  100  yiss.  Many  parts  of 
Upper  Burmah  are  well  suited  for  its  manufacture^  the  ground  being 
well  supplied  with  nitre. 

Rubies,  Sapphires,  Garnets,  etc. — These  are  found  in  abundance  tf 
Mogouk,  Eyat-pyeen,  to  the  north-east  of  Mandalay  near  MomeiL 
The  ruby  ground  extends  over  a  large  area  of  hilly  oountxy.  His 
gem  sand  is  found  from  3  to  15  feet  below  the  surface  soil,  and  ths 
beds  are  then  followed  up.  The  method  of  working  is  primitive 
and  rough,  the  consequence  being  that  large  rubies  are  seldom 
extracted  intact. 

Some  years  ago,  a  Mr.  Bredamajee,  a  Qerman  Mineralogist,  wm 
located  at  these  mines  for  the  purpose  of  developing  them,  but,  after 
a  short  stay,  he  got  into  trouble  with  the  people,  and  was  dismissed. 
He  declared  that,  with  careful  working,  rubies  as  large  as  pigeoni' 
eggs  could  be  extracted,  and  that  the  mines  were  very  rich.  At 
Mogoung  also  ruby  mines  exist,  and  very  fair  rubies  have  been  found. 
Tlu)  Sagycen  or  marble  hills,  a  short  distance  to  the  north  of 
Mandalay,  contain  the  goms  as  well,  but  they  are  of  too  light  a 
colour  to  be  valuable.  They  are,  however,  mixed  with  other  rubies 
and  disposed  of. 

Salt, — Extensive  solt-fiolds  exist  at  Shimpagah,  a  short  distance 
above  Mandalay,  on  the  western  bank  of  the  Irrawaddy  river.  It  is 
also  obt^iined  at  other  2>lacos  in  Upper  Burmah  on  a  small  scale. 
Large  (quantities  can  be  manufactured  at  Shimpagah,  but  imported 
salt  is  fast  taking  its  place  in  the  market  The  hill  people,  though, 
appreciate  to  a  certain  extent  the  Shimpagah  salt  and  mix  it  with 
Europoan  salt. 

Petroleum, — This  mineral  oil  is  found  at  Yeynangyoung  and  Pagan, 
but  information  regarding  it  is  so  complete  that  it  is  hardly  necessary 
to  allude  to  it  further.     I  will,  however,  make  a  few  brief  remarks. 

There  are  at  present  about  150  wells  worked  at  Yeynangyoung ; 
the  quantity  of  oil  estimated  as  deliverable  from  these  wells  is  15,000 
viss  daily,  of  which  10,000  viss  is  taken  by  the  contractor  who 
supplies  British  Burmah,  and  5,000  viss  by  the  contractor  who 
supplies  Upper  Burmah.  The  total  yield  of  these  wells  is  6,000,000 
viss  per  annum,  or  9,375  tons.  There  are  many  abandoned  wells, 
and  wells  that  produce  very  small  quantities  of  oil.  At  Pagan  there 
are  about  50  wells :  they  yield  daily  1,500  viss  of  oil,  which  the 
earth-oil  contractors,  at  present  the  Lay-myo-woon  and  one  Moung 
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TVanwah,  are  allowed  to  purchase.  The  oil  from  these  wells  is 
obtained  in  a  more  liquid  state  and  more  resembles  naphtha.  It  is 
of  a  brackish  nature,  and  is  better  suited  for  lighting  purposes  than 
the  Yeynangyoung  oil.  The  total  supply  of  earth-oil  in  Upper 
Burmah  now  per  annum  is  66,000,000  viss  or  10,312^  tons. 

I  haye  omitted  to  mention  marble  and  limestone,  but  both  abound. 

Upper  Burmah,  with  its  metals  and  minerals,  its  forests,  natural 
xesonrces,  productiveness  of  soil,  and  from  its  geographical  position, 
situated  as  it  is  close  to  the  teeming  population  of  the  Chinese 
empire,  ought  to  be  the  richest  country  in  Asia,  and  Bangoon  one  of 
the  largest  emporiums  of  trade.  The  productiveness  of  the  soil,  as 
n^ards  cereals  and  other  crops,  is  wonderful.  The  indigo  plant, 
which  is  prolific  in  its  growth,  gives  three  crops  per  annum,  and  the 
dye  would  quite  equal  that  of  Bengal  with  careful  and  proper  treat- 
ment in  its  manufacture.  Paddy,  wheat,  cotton,  cutch,  grain,  seea- 
mum,  sugar-cane,  tobacco,  tea,  coffee,  each  has  its  own  soil  in 
abundance.    Teak  and  other  useful  trees  abound. 


II. — M.  HiBBBT*s  Zones  in  ths  Chalk. 

ryiHE  general  similarity  of  mineral  character  of  the  Chalk  forma- 
JL  tion  in  England,  and  the  habit  of  not  carefully  recognizing  the 
different  horizons  from  which  fossils  have  been  obtained,  have  to  some 
extent  militated  against  the  further  subdivision  of  the  Chalk  than 
that  usually  adopted  in  this  country,  viz.  Upper  White  Chalk  with 
flints.  Lower  Chalk  without  flints,  and  Chalk  Marl.  Lately  some  at- 
tention has  been  drawn  to  this  subject,  in  papers  read  before  the 
Geologists'  Association  by  Mr.  Caleb  Evans  1870,  Mr.  Bedwell  1873, 
and  Mr.  Dowker  1869  ;  also  by  Mr.  Whitaker. 

In  France,  however,  for  many  years  past,  M.  Hebort  has  specially 
studied  the  Chalk  of  the  Paris  basin,  and  Communicated  the  results 
in  sundry  papers  to  the  Geological  Society  of  France,  and  which  are 
published  in  the  Bviileiin  for  1862, 1863, 1866, 1872,  etc.i  M.  Hebert 
considers  that  the  divisions  are  so  clear  that  it  is  even  possible  to 
assign  precisely  where  one  ends,  and  the  other  begins ;  not  only  from 
the  change  of  the  fauna,  but  also  from  the  general  petrographic 
character.  Besides,  the  superior  surface  of  one  diNision  is  always 
indurated  and  perforated  to  a  greater  or^less  extent,  as  is  especially 
well  shown  at  Meudon,  where  the  White  Chalk  is  seen  in  contact 
with  the  Superior  Chalk  or  Pisolitic  Limestone.  From  his  re- 
searches M.  Hebert  has  established  the  following  subdivisions  in 
ascending  order : — 1,  La  Craie  glauconieuse ;  2,  La  Craie  mameuse  ^ 
Inoceramm  labiatus ;  8,  La  Craie  dur  a  Holaster  planm ;  4,  La 
Craie  a  Mtcraster  cortestudinarium ;  5,  La  Craie  k  Micraster  cor- 
anguinum;  6,  La  Craie  k  Belemnttella  quadrata  et  B,  mucronata ; 
7,   La  Craie    superieure    (calcaire   pisolitique).      In    general    the 

^  M.  Hebert  communicated  his  views  also  to  the  British  Association,  Brighton, 
1872,  on  the  divisions  of  the  Chalk  of  France,  and  paralleled  tbem  with  those  of  the 
English  Chalk,  as  seen  from  Folkestone,  to  St.  Margarct-on-Cliff,  Dover  (see  Reports, 
p.  104).  See  also  M.  Hcbcrt's  Classification  in  Geol.  Mao.  1869,  Vol.  YI.  p.  200. 
Also  MM.  Cornet  and  Briart,  on  Belgian  Chalk,  Gbol.  Mao.  1872,  Vol  IX.  p.  469. 
— J.  M. 
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lines  of  disoontinniiy  oorrespond  to  gaps  often  considerable;  tikni 
between  the  Glanconitic  Cbialk  (1)  and  Marly  Chalk  (2)  tbareii 
wanting,  in  the  north  and  east  of  the  Paris  basin,  the  green  sands  of 
the  Maine,  which  have  a  great  thickness  in  Tooraine  and  le  Peidifi» 
but  which  thin  oat  to  the  east  before  reaching  the  Seine,  and  wbiek 
are  represented  in  the  south  by  the  cdUaire  d  Ichih^o$amroliUL 
Again,  between  the  Marly  Chalk  (2)  and  the  Chalk  with  HoUuterplmm 
(8),  there  are  wanting  Uie  great  beds  of  Hipporite  Limestone,  wbii^ 
form  so  important  a  feature  in  Southern  Europe,  and  which,  firam 
the  abundance  of  JIippurite$,  Badiolite$,  SpluaidiieB^  and  allisd 
genera,  and  the  comparative  absence  of  Ammonitet  and  allied  formi, 
readily  differentiate  the  Cretaceous  era  of  Southern  from  that  of 
Northern  Europe.  The  zone  of  Micratier  eoranguinum  (5)  forms  two 
series ;  the  lower,  well  developed  in  the  western,  seems  to  be  wanting 
throughout  the  eastern  part  of  the  Paris  basin,^  whilst  the  Chalk  with 
Belemnites  mucronata  is  absent  in  the  sections  exposed  along  the  coast 
These  lacunse  afford  a  proof  to  some  extent,  according  to  M.  Hebeit» 
tbat  the  Parisian  basin  had  already  emerged  during  the  deposition 
elsewhere  of  the  missing  strata,  while  at  the  same  time  it  explains 
the  presence  and  origin  of  the  hardened  surfiaoes  during  emersicm  and 
their  perforation  by  atmospheric  agencies.  J.  M. 


m. — On  Foraminifeba  fbox  Tm  Tebtiabies  of  Sak  Fkbnahdo, 
Trinidad.'    By  E.  J.  Leohmkrs  Guppt,  F.L.S-,  F.G.S-,  rrc. 

IN  July,  1863, 1  brought  under  the  notice  of  the  Scientific  Associa- 
tion the  nature  of  the  Asphalt  Rock  figured  at  page  38  of  the 
Geological  Eeport  on  Trinidad.  I  then  stated  that  I  had  discovered 
that  that  rock  consisted  principally  of  the  shells  of  Orbttoides  and 
Nummulina,  two  genera  of  Foraminifera  characteristic  of  Older  and 
Middle  Tertiary  strata.  In  the  interval  between  the  reading  and  the 
printing  of  tlie  paper  in  which  my  discovery  was  communicated  to 
the  Association,  the  same  species  of  Foraminifera  had  been  detected 
in  the  Miocene  rocks  of  Jamaica,  as  noticed  in  a  postscript  to  my 
paper.  Previously  however  to  this  a  few  species  of  Foraminifera 
had  been  recorded  from  the  Tertiaries  of  Haiti.  The  names  of  all 
these  species  will  be  found  in  my  paper  on  the  Tertiary  Fossils  of 
the  West  Indies,  printed  in  the  Proceedings  of  the  Scientific  Asso- 
ciation, 1867,  page  145. 

Owing  to  the  nature  of  the  clififs  at  San  Fernando,  great  part  of 
their  face  is  often  concealed  for  many  years  by  eailh  fallen  from  the 
top,  but  occasionally  the  loose  and  disintegrated  material  is  removed 
so  as  to  expose  the  solid  rock.  This  has  happened  lately  to  such  an 
extent  as  to  expose  a  large  series  of  beds  of  which  I  had  never  pre- 
viously been  able  to  get  a  fair  sight.  These  beds  lie  (in  geological 
language)  just  above  the  Nucula-rock,  which  I  have  already  described 
at  pages  46  and  82  of  the  Proceedings  for  1866  and  1867,  and  also 
in  the  Geologicax  Magazine,  Vol.  IV.,  p.  497.     The  mineral  com- 

*  Bull.  Soc.  Geol.,  2  ser.,  t.  29,  p.  446,  pi.  iv. 

^  Frum  the  I^roccodiugs  uf  the  Scientific  Association  of  Trinidad.    December,  1872. 
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positioii  of  these  beds  is  argillaoeons,  with  a  large  proportion  of 
oalcareons  matter.  Their  colour  is  of  a  light  greenish-grey,  and  the 
effect  of  weathering  upon  the  matter  is  to  develope  a  sort  of  choroidal 
concretionary  stmotnre  entirely  independent  of  the  original  bedding 
and  lamination.  T^iis  spheroidal  structure  is  probably  partly  or 
wholly  induced  by  meteoric  action.  The  beds  are  an  upward  oon- 
tiBiiation  of  the  Nucnla-bed,  being  similar  in  composition,  and  are 
part  of  the  strata  numbered  11  to  17  in  the  section  given  in  my 
paper  in  the  Journal  of  the  Oeological  Society,  toL  xxiL,  p.  571 ; 
and  I  propose  to  term  them  the  Nodosaria-beds.  They  rarely  contain 
aay  molluscan  remains,  but  are  stored  abundantly  wi^  Foraminifera 
characteristic  of  deep  water.  I  append  a  list  of  the  forms  I  have 
been  able  to  determine,  including  tiiose  of  the  Asphalt-bed.  These 
determinations  are  only  approximate,  and  the  geologist  will  not 
expect  from  me  a  very  exact  statement  of  the  varietal  or  subvarietal 
names  of  the  forms,  which  can  scarcely  be  given  except  by  those 
who,  like  Messrs.  Parker  and  Hupert  Jones,  have  devoted  great  atten- 
tion and  study  to  these  minute  but  beautiful  shells.  I  trust,  however, 
to  place  the  material  in  the  hands  of  those  able  to  do  more  justice  to 
the  subject,  and  I' only  intend  the  present  communication  as  a  record 
and  annoimcement  of  the  discovery.  So  far  as  I  am  able  to  judge  from 
tiie  Foraminifera  now  discovered,  the  facts  appear  to  lend  a  further 
support  to  my  view  that  the  Nucula-beds  of  Barbadoes  and  Trinidad 
were  deposited  in  moderately  deep  water.  The  depth  of  water  seems 
to  have  increased  after  the  deposition  of  the  Nucula-beds,  as  seems  to 
be  evinced  by  the  Nodosaria-beds  of  Trinidad  and  the  Polycystina- 
beds  of  Barbadoes. 

List  o7  Fo&aminifeba  from  the  Lower  Miocene  strata  of  San  Fernando, 

Trinidad. 

Nmmmulma  ratmrnd,  Defr.  var.*  NodoMria  pynUa,  Orb. 

Orbitoides  Mantelli,  Norton*  Dmtalina  elegant^  Orb. 

Amptdstegina  vuigaris.  Orb.*  Jlliformis,  Orb. 

^iroloctdina  nitidaj  Orb.  eommuniSf  Orb. 

Olandulina  lavigata,  Orb.  Orbulina  universaf  Orb. 

Nodosaria  glabra^  Orb.  Olobigerina  bulhides,  Orb. 

hispida^  Orb.  Polymorphina  gibba^  Orb. 

raphanistrumf  Linn  Hotalia  orbicularis^  Orb. 

ovieuhy  Orb.  corallinarum^  Orb. 

*  These  three  species  are  only  fonnd  in  the  Asphalt-bed  and  gypseous  Marls. 

Several  other  forms  have  not  been  satisfactorily  determined. 


rV. — Geological  Subvey  of  Canada.     Bepobt  of  Progress  fok 
1871-72.     By  A.  R.  C  Sblwyn,  Director.     (Montreal,  1872.) 

THE  progress  of  the  Geological  Survey  ought  to  be  very  satisfac- 
tory to  the  Government  of  Canada,  so  ably  and  effectively  has  it 
been  carried  on  for  many  years  by  Sir  W.  E.  Logan,  F.R.S.,  and  for 
the  last  three  years  by  the  present  Director,  Mr.  Alfred  Selwyn, 
^F.Q.S.  Since  the  first  publication  of  the  Reports  in  1843,  they  have 
steadily  and  annually  continued,  and,  together  with  other  special 
reports,  descriptions  of  organic  remains,  a  great  geologiccJ  map  of 
the  Dominion  of  Canada,  and  many   smaller  maps   and  sections. 
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comprise  a  yast  and  important  amount  of  geological,  mineralogioilt 
and  palseontological  information,  higfily  creditable  to  the  Gkxven* 
ments  who  supx)orted  it,  and  to  Sir  W.  Logan  and  the  staff  who  m 
efficiently  have  carried  on  the  work. 

The  special  reports  contain  papers  chiefly  by  Dr.  Steny  Hont; 
one  on  the  Geology  of  Newfoundland,  by  Mr.  Murray ;  another  on 
the  Silurian  Fossils  of  Anticosti,  by  Mr.  Billings ;  at  the  saoke  tuna 
during  the  progress  of  the  Survey,  the  Canadian  ox^ganic  remiuni 
have  been  carefully  illustrated,  in  four  decades,  the  descriptknt 
being  furnished  by  Messra.  £.  Billings,  J.  W.  Salter,  Pro!  R. 
Jones,  and  Prof.  Hall,  besides  the  first  volume  of  Silurian  Fossils  by 
Mr.  Billings,  and  the  fossil  plants  of  the  Devonian  and  Upper  Silurian 
of  Canada  by  Dr.  J.  W.  Dawson,  to  be  followed  by  others  in 
preparation. 

In  the  volume  for  1871-72,  besides  the  summary  reports  of  the 
Director,  Mr.  Selwyn  contributes  the  Journal  and  Report  of  pre- 
liminary explorations  in  British  Columbia,  assisted  by  Mr.  Bichsrd- 
son,  from  which  it  appears  the  rook  formations  may  be  grouped 
under  the  following  divisions  in  descending  order,  althoogh  the 
comparative  absence  of  fossils  renders  their  classification  diffiecdt, 
— 1.  Superficial  deposits ;  2.  Volcanic  series  and  coal  and  lignite  of 
Main-land;  3.  Jackass  mountain  conglomerate  group;  4.  Upper 
Cache  creek  group  ;  5.  Lower  Cache  creek  group  :  the  fossili 
indicate  a  horizon  between  the  base  of  the  Devonian  and  the  summit 
of  the  Permian;  6.  Anderson  River  and  Boston  Bar  group;  7. 
Cascade  mountain  and  Vancouver  Island  crystalline  series;  8. 
Granite,  Gneiss,  and  Mica-schist  series.  The  next  report  is  on  the 
Coal-fields  of  the  east  coast  of  Vancouver  Island  by  Mr.  Richardson, 
with  a  map  of  their  distribution,  and  a  note  on  the  fossil  plants  by 
Dr.  Dawson,  and  the  Analysis  of  the  Coals  and  Rocks  by  Dr.  Sterry 
Hunt.  Coal  is  found  to  some  extent  in  the  island,  and  the  seams 
vary  in  thickness  from  four  to  seven  feet,  or  even  more,  and  vary  in 
quality.  Tlie  plants  associated  with  the  coal  at  Nauaino  and  North 
Saaaich  belong  to  a  flora  which  has  occasioned  some  controversy. 
"  It  was  originally,"  says  Dr.  Dawson,  "  described  by  Lesquereux 
and  Heer  as  Tertiary,  being  indeed  very  nearly  allied  to  the  Miocene 
of  Europe."  Newberry,  however,  on  the  evidence  of  the  associated 
marine  fossils,  and  on  the  analogy  of  the  Cretaceous  flora  of  Ne- 
braska, regards  it  as  of  the  latter  age,  and  this  is,  I  believe,  the 
view  more  generally  adopted. 

The  remaining  reports  in  this  volume  are  of  the  country  between 
Lake  Superior  and  Albany  River,  by  Mr.  R  Bell ;  the  country 
l)etween  Lake  St.  John  and  Lake  Mistassini,  by  Mr.  W.  McOuat; 
Surveys  in  the  Counties  of  Leeds,  Frontenac,  and  Lanark,  in  the 
Province  of  Ontario,  showing  the  position  of  the  worked  gold- 
mines, and  the  course  of  the  auriferous  zone,  by  Mr.  H.  G.  Vennor ; 
on  Geological  Investigations  in  New  Brunswick,  by  Prof.  L.  W. 
Bailey ;  and  a  Summary  of  the  Statistics  of  Mines  and  Mineral 
Produce  of  the  Dominion,  by  Mr.  C.  Robb. 
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I. — ^Untboddbn  Psaks  and  UNraBQUENTBD  Vallkts  :  A  MlD- 
BuuMSB  Ramble  in  the  Dolomites.  By  Amelia  B.  Edwards. 
8yo.  pp.  385.     (London :  Longmans,  Green  &  Co.     1873.) 

IT  18  nearly  ten  years  since  we  drew  attention  in  these  pages 
to  this  romantic  and  primitive  mountain  region  of  the  Tyrol/ 
still,  to  a  great  extent,  untrodden  and  unfrequented  by  the  tourist, 
and  where  Cook's  Excursions  are  as  yet  unknown.  It  is  pleasant  to 
find  that^  in  these  days  of  luxurious  ease  and  comfort,  ladies  can  be 
found  equal  to  the  task  of  roughing  it  for  weeks  in  a  district  where 
there  is  but  one  good  road,  where  the  inns  are  not  only  few  and  far 
between,  but  are  often  of  the  humblest  kind,  where  it  is  impossible 
to  travel  in  the  heart  of  the  country  save  on  foot,  or  on  mule-back ; 
where  telegraphic  communication  is  unknown,  and  where  letters 
travel  slowly  and  are  delivered  irregularly.  But  as  a  set-off  against 
these  discomforts,  the  author  writes:  ''It  is  difficult  to  speak  of 
the  people,  of  the  climate,  of  the  scenery,  without  risk  of  being 
thought  too  partial  or  too  enthusiastic.  To  say  that  the  arts  of  ex- 
tortion are  here  unknown, — that  the  old  patriarchal  notion  of  hospi- 
tality still  survives,  miraculously,  in  the  minds  of  the  inn-keepers, — 
that  it  is  as  natural  to  the  natives  of  these  hills  and  valleys  to  be 
kind,  and  helpful,  and  disinterested,  as  it  is  natural  to  the  Swiss  to 
be  rapacious, — ^that  here  one  escapes  from  hackneyed  sights,  from 
overcrowded  hotels,  from  the  dreary  routine  of  table  d'hotes,  from 
the  flood  of  Cook's  tourists, — is,  after  all,  but  to  say  that  life  in  the 
South-eastern  Tyrol  is  yet  free  from  all  the  discomforts  that  have  of 
late  years  made  Switzerland  unendurable ;  and  that  for  those  who 
love  sketching  and  botany,  mountain-climbing  and  mountain  air,  and 
who  desire  when  they  travel  to  leave  London  and  Paris  behind  them, 
the  Dolomites  offer  a  'playground'  far  more  attractive  than  the 
Alps." 

Till  within  the  last  six  or  eight  years — that  is  to  say,  till  the 
publication  of  Ball's  Guide  to  the  Eastern  Alps  in  1868,  and  the 
appearance  of  Messrs.  Gilbert  and  Churchill's  joint  volume  in  1864 — 
the  Dolomite  district  was  scarcely  known  even  by  name  to  any  but 
scientific  travellers.  Messrs.  Sedgwick  and  Murchison  described 
the  Eastern  Alps  so  long  ago  as  1835,'  and  a  geologically  coloured 
map  and  sections  have  since  appeared  (1860,  4to.),  by  the  Baron  von 
Richthofen.  Later  still  the  country  has  been  surveyed  by  the  Austrian 
Geological  Survey. 

The  district  included  in  Miss  Edwards's  itinerary  occupies  that 
part  of  the  south-eastern  Tyrol  which  lies  between  Botzen,  Bruneck, 

1  See  the  Geol.  Mao.,  Vol.  I.,  1864,  p.  38.  Reviews  :—" The  Dolomite "Moun- 
tains.  Excursions  through  Tyrol,  Carinthia,  Carniola,  and  Friuli  in  1861-3."  By 
Josiah  Gilbert  and  G.  C.  Churchill,  F.G.S.  8vo.  pp.  676.  (London:  Longmans, 
Green  &  Co.     1864.) 

'  **  On  the  Structure  of  the  Eastern  Alps,  with  sections  through  the  Newer  Forma- 
tions on  the  Northern  Flanks  of  the  Chain,  and  through  the  Tertiary  deposits  of 
Styria,  etc."    Traus.  Geol.  Soc,  2nd  series,  vol  iii.,  p.  301,  read  1829-30. 


366        B£rinn~EdwnUf  r»tnddem  Peati  mnd  VaSent. 

Inuichen,  and  Bellnno.  Within  tli«  areft  thni  rooglilj  i 
■re  Hitnated  those  remarkable  limestone  monntaiiu  called  the  Dolo- 
mites.  The  district  may  be  most  eaaily  appnMched  from  eifiiK 
Venice,  Botzen,  or  Bnmeck.  All  that  is  grandest,  all  that  is  most 
attractiTe  to  the  artist,  the  geologist,  and  the  Alpine  climber,  lisi 
midway  between  these  three  paints,  and  ooTen  an  area  of  abort 
thirty-fiTe  miles  by  fiflj.  All  that  the  anthor  deMzibei  lies  within 
tbis  narrow  ladins. 

The  book  is  accompanied  by  an  excellent  roote-mapof  the  diatriot, 
and  the  scenes  and  places  Tinted  are  charmingly  ilhutzated  hj  Mr. 
Whymper,  bom  sketches  by  the  author,  fonaing  nine  fnU-p^ 
illuBtiatiom  and  eighteen  wood-engravings  in  the  texL 

By  the  kindness  of  the  publishers  we  are  able  to  reprodaoe  bodh 
examples  of  these,  with  a  brief  reference  to  which  we  shall  close  this 


The  Drei  Zlanen. 


notice.     "  Fassing  Schulilerbach,  a  clean-looking  road-side  ion,  we 
came  prcBontly  in  sight  of  the  Diirrcii  Sea,  a  lovely  little  emenld- 
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een  lake,  streaked  witii  violet  shadows,  and  measuring  about  three- 
larters  of  a  mile  in  length*  Oreat  mountains  close  it  in  on  all 
lee,  and  the  rich  woods  of  the  lower  hills  slope  down  to  the  water's 
Ige.  The  clustered  peaks,  the  eternal  snows  and  glaciers  of  Monte 
ristallo ;  t^e  towering  summit  of  the  Piz  Popena ;  and  the  extraor- 
naiy  towers  of  the  Drei  Zinnen  come  one  after  the  other  into  view. 
s  for  the  Drei  Zinnen,  they  surpass  in  boldness  and  weirdness  aU 
e  Dolomites  of  the  Ampezzo.  Seen  through  an  opening  between 
TO  wooded  hills,  they  rise  abruptly  from  behind  the  intervening 
ateau  of  Monte  Riano,  as  if  thrust  up  from  the  cent^  of  the  earth 
£6  a  pair  of  tusks.  No  mere  description  can  convey  to  even  the 
ost  apprehensive  reader  any  correct  impression  of  their  outline, 
eir  look  of  intense  energy,  of  upwardness,  of  bristling  irresistible 
roe.  Two  barren  isolated  obelisks  of  pale,  sulphurous,  orange-streaked, 
mestone,  all  shivered  into  keen  scimitar  blades  and  shark-like  teeth 
wards  the  summit,  they  almost  defy  the  pencil  and  quite  defy  the 
m.  For  the  annexed  illustration,  however,  so  far  as  mere  truthful- 
)68  of  actual  form  goes,  the  writer  can  vouch,  having  sketched  it 
iry  carefully  from  the  best  point  along  the  borders  of  the  lake." 
The  author,  describing  the  Sasso  di  Eonch  (Plate  XIII.),  says  :«- 
"  Arriving  at  the  top  of  the  Col,  we  came  suddenly  upon  a  most 
lexpected  and  fantastic  scene — a  scene  as  of  a  mountain  in  ruins. 
)r  not  only  is  the  whole  appearance  of  the  Sasso  changed  in  the 
rangest  way  by  being  seen  in  profile,  but,  behind  the  ridge  on 
bich  Sasso  stands,  there  is  revealed  a  vast  circular  amphitheatre, 
ce  the  crater  of  an  extinct  volcano,  strewn  with  rent  crags,  preci- 
oes  riven  from  top  to  bottom,  and  enormous  fragments  of  rock, 
Any  of  which  are  at  least  as  big  as  the  clock-tower  at  Westminster. 
[1  these  are  piled  one  upon  another  in  the  wildest  confusion ;  all 
e  prostrate,  save  one  gigantic  needle,  which  stands  upright  in 
e  midst  of  the  circle,  like  an  iceberg  turned  to  stone.  Mean- 
hile  here,  on  the  ridge,  apart  and  alone,  like  a  solitary  remnant 
an  outer  battlement  left  standing  beside  a  razed  fortress,  rises 
a  height  of  at  least  250  feet  above  the  grass  at  its  base,  the  Sasso 
Bonch.  Seen  thus  in  profile,  it  is  difficult  to  believe  that  it  is  the 
me  Sasso  di  Eonch  which  one  has  been  looking  at  from  below.  It 
oks  like  a  mere  aiguille,  or  spire,,  disproportionately  slender  for  its 
iight,  and  curved  at  the  top,  as  if  just  ready  to  pitch  over.  Some 
LO  has  compared  the  Matterhorn  to  the  head  and  neck  of  a  war- 
)rse  rearing  up  behind  the  valley  of  Zermatt ;  so  might  the  Sasso 
Bonch  from  this  point  be  compared  to  the  head  and  neck  of  a 
raffe.  Standing  upon  its  knife-edge  of  ridge — all  precipice  below, 
I  sky  above,  the  horizon  one  long  sweep  of  jagged  peaks — it  makes 
wild  and  weird  a  subject  as  ever  I  sat  down  to  sketch  before  or  since." 
The  Aiguilles  of  the  Schlern  (p.  380)  form  part  of  a  vast  panorama 
'  peaks,  including  the  Marmolata  and  Tofana,  and  many  a  famous 
jak  besides.  Its  three  nearest  neighbours,  the  Lang  Kofel,  Piatt 
ogel,  and  Schlern,  are  alone  visible ;  the  rest  are  wrapt  in  clouds  to- 
ly,  only  the  Sella  and  Guerdenazza  Massives  stand  free  from  vapour. 
"The  height  of  the  Schlern,"  says  Mr.  Ball  in  his  Guide  to  the  Eastern 
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Alps,  "ie  only  8405  feet;  bat  it  atanda  up  in  snoh  a  grand  boUUij 
way,  and  its  precipioea  ore  bo  bare  and  vertical,  that  it  look*  bi^ 


'Jho  AifuillcB  of  the  Sclilrrn, 

tlion  many  more  lofty  Dolomites.  Tlie  ensiest  ascent  ia  from  Toll, 
and  the  view  from  the  top,  though  said  not  to  be  so  complete  as  tluit 
from  the  liitterhorit  ntarur  Botzcn,  is  extremely  fine,  and  compriK* 
tbe  Adatiiello,  Oetler,  Oetztbal,  and  Autholzer  Alps.  The  sootli- 
eastern  horinon,  however,  and  conBoqueutly  all  the  Primero  Dolo- 
mites, are  concealed  by  the  near  moss  of  the  Boaengartdn.  Kd 
mountain  in  the  Alps  has  acquired  so  great  a  reputation  amongst 
botaiiiNis  for  tbe  richness  of  ita  flora,  and  tbo  number  of  rare  plauti 
it  i)roduees,  as  Ibe  Sohlera." 

Miss  Edwards  is  a  delightful  companion  for  a  summer  rambli 
omoug  the  Dolomites :  she  evidently  possesses  sufficient  power  and 
activitytu  resist  fatigue,  and  enters  thoi'uiigbly  into  the  enjoyment  of 
the  mountain  cound'y  she  describes  and  delim/ates  in  ao  grajihio  and 
chai-niiiig  a  manner.  We  wisL  we  could  give  longer  and  more  amusing 
extracts  from  the  book,  of  which  there  is  no  lock.  Such  a  volume  is 
sure  to  lie  well  I'cceived,  as  it  justly  deserves,  not  only  in  England, 
but  among  her  American  frieuds,  to  whom  tbo  book  is  dedicated. 
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II. — Ball's  Alpine  Guides.  New  Editions,  1873.  In  seven  pabts, 
KAMELT : — ^The  Bebnsss  Alps,  including  the  Obebland  ;  South- 
Westsbn  Alps,  incli^ding  Dauphin^  and  Piedmont,  from  Nice 
to  the  Little  St.  Bebnabd  ;  Nobth  SwitzeblaI^d,  including  the 
KiGni,  ZuBicH,  and  Luoebne;  the  St.  Gothabd  Pass  and  the 
Italian  Lakes;  East  Switzebland,  including  the  Enqadine 
and  Lombabd  Yallets  ;  Nobth  Tybol,  and  Bavabiak,  and 
Salzbubg  Alps;  the  Sttbian,  Cabnio,  and  Julian  Alps. 
(London :  Longmans,  Oreen  &  Co.) 

FTIHESE  handy  little  knapsack  companions  are  prepared  expressly 
J.  for  the  conTenienoe  of  tourists  by  Mr.  John  Ball,  F.H.S.,  late 
President  of  the  Alpine  Club,  a  gentleman  eminently  qualified  to 
direct  our  steps  among  the  peaks,  passes,  and  glaciers  of  the  Alps, 
with  every  foot  of  which  he  is  so  familiar. 

£aoh  of  these  compact  little  half-crown  parts  is  complete  in  itself, 
oontaining  a  separate  district  divided  into  sections,  and  these  again 
into  routes ;  each  furnished  with  its  key -map  and  maps  of  sections 
or  districts. 

Three  more  will  be  ready  (so  the  publishers  assure  us)  immediately, 
namely  : — Mont  Blanc  and  Monte  Rosa;  Central  Tyrol,  includiug  the 
Gross  Glockner;  South  Tyrol,  and  Venetian  or  Dolomite  Alps;  thus, 
completing  the  set  of  Guides  in  ten  separate  parts. 

Panting  for  freedom  and  an  alpenstock,  with  August  upon  us,  and 
the  temperature  not  far  short  of  100°  in  many  a  London  studio,  what 
more  refreshing  and  acceptable  sight  than  these  charming  little 
green-covered  octavo  volumes,  telling  of  rivers  of  ice  miles  in  length, 
sufficient  to  satisfy  all  London  with  iced  drinks  for  tlio  rest  of  the 
year;  of  glacial  moraines,  roches  motUowiees  and  blocs  perches: 
let  us  away,  with  Mr.  Ball  for  our  guide,  to  geolop^ise,  bot^iuiso,  to 
sketch  or  to  loaf,  and  lay  in  a  store  of  health,  streugth,  and  pure 
enjoyment,  over  tlie  Beniese  Oberland,  by  the  sunny  Italian  lakes, 
or  amidst  the  Styrian  Alps  and  the  Dolomite  Mountains. 

Let  us  take  our  stand,  in  imagination,  for  a  few  minutes  upon  the 
central  group  of  the  Bernese  Alps.  *'  The  most  remarka]>le  charac- 
teristic iu  the  orography  of  this  group  is  that  wlioreas  tlie  AV.  portion 
of  that  chain  consiHts  of  a  single  series  of  summits,  with  compara- 
tively short  projecting  buttresses,  the  higher  group  presents  a  series 
of  longitudinal  ridges  parallel  to  the  axis  of  the  main  chain,  and 
separated  from  each  other  by  deep  valleys  that  form  the  channels  of 
great  glaciers.  Thus  the  Tschingel  glacier  and  the  Gastcrentlial 
separate  the  portion  of  the  main  range  lying  between  the  Geninii 
and  the  Mittaghom  from  the  equally  high  parallel  range  of  the 
Doldenliorn  and  Blumlis  Alp  on  its  N.  side.  To  the  S.  the  same 
portion  of  the  main  range  is  divided  from  the  still  higher  parallel 
range  whose  summits  are  the  Aletschhom  and  the  Bietsclihorn  by  the 
Lotschenthal  and  Lotschen  Glacier.  To  this  again  succeeds  the  deep 
trench  through  which  the  lower  part  of  the  Aletsch  Glacier  flows 
down  to  the  Khone,  inclosed  by  the  minor  ridge  that  culminates  in 
the  Aeggischhorn. 
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"  The  p^ndeiir  and  beanty  of  the  scenery  of  this  district,  which  is 
best  known  as  the  Bernese  Oberland,  have  long  obtained  for  it  s 
just  celebrity  ;  and  since  strangers  first  began  to  visit  the  Alps,  tbe 
names  of  Grindplwald,  Lauterbrunnen,  and  Interlaken  have  been 
famous.  It  was  long,  however,  before  the  interior  portion  of  the 
range  and  the  great  glaciers  that  flow  down  towards  the  Rhone  on 
its  southern  flanks  were  known  and  appreciated  by  strangers."  (p.  54) 

The  exploration  of  the  Oberland  District  was  commenced  early  in 
this  century  by  the  brothers  Meyer  of  Aarau.  The  were  followed 
by  IJugi,  a  mountaineer  of  great  enterprise  and  perseverance. 

Still  later,  in  1841,  M.  Agassiz  established  a  temporary  dwelling 
on  the  Aar  Glacier,  and  commenced,  together  with  Desor,  Studer, 
Forbes,  and  others,  a  series  of  scientific  observations  and  explor- 
ations, which  have  been  carried  on  in  later  years  by  successive 
moml>ers  of  our  English  Alpine  Club,  until  we  have  arrived  not 
only  at  our  present  very  comprehensive  orographical  cuxjuaintance 
with  the  Alps,  but  have  acquired  a  better  knowledge  of  the  physics 
of  ice  and  its  power  as  a  geological  agent  to  erode  rock-surfaces,  and 
to  produce  those  vast  accumulations  of  Boulder-clay  which  in  part 
ages  were  extensively  formed  in  tliis  country  by  the  grinding  action 
of  glaciers,  which  then  covered  all  the  high  lands  of  Britain  and 
Ireland,  as  they  now  do  the  plateau  of  Greenland  and  the  higher 
valleys  of  the  Bernese  Alps. 

"  Tliere  is  no  part  of  the  Alps  (writes  Mr.  Ball)  where  arrange- 
ments for  the  accommodation  of  foreign  visitors,  and  for  extracting 
at  the  sjuiie  time  the  utmost  jvossible  amount  of  coin  from  their 
pockets.  ;iro  so  complotoly  organized  as  in  this  district,  and  especiall? 
in  the  valleys  belonging  to  the  Canton  Berne.  On  the  one  hand,  ii 
is  of  no  little  convenience  to  a  stranger  to  find  inns,  more  or  less 
conifortal)le,  at  almost  every  spot  where  he  can  reasonably  desire 
to  pass  tlio  nii:;ht,  along  with  guides  and  abundant  means  of 
c<mveyance ;  but,  on  tlie  other,  it  is  not  pleasant  to  find  the  entire 
pn])ulati.)n  banded  together  with  no  other  seeming  object  than 
to  make  a  profit  out  of  his  paswige.  Along  the  frequented 
tracks  of  the  (treat  Scheidegg  and  the  Wengeni  Alp,  the  wayfarer 
is  at  ev(M-v  halt-mih}  assailed  by  some  new  appeal  to  his  pocket. 
SometiiiK's  it  is  by  a  live  chamois  or  marmot,  sometimes  by  an  echo 
to  be  awaked  by  a  horn  or  a  chorus  of  discordant  children's  voices,  anon 
it  is  by  bits  of  j>yrites  or  (luartz"  (or  even  green  bottle-glass  mcltod  into 
l\nnj)s,  and  then  fractured  so  as  to  resemble  a  native  mass  of  rock- 
crvstal!',  "or  by  specimens  of  wood-carving,  that  toll  is  levied  on 
tlTe  stran^«'r:  but  the  most  eflectual  and  simplest  device  is  to  puts 
wooden  gate  across  his  track,  and  keep  a  ragged  child  in  readiness 
to  open  tin*  g:ite  c»n  liis  a])proach,  and  tender  its  palm  for  the  reward. 
The  best  way  to  save  wear  and  tear  of  temper  and  good  humour  is 
to  1)0  ])rovicled  witli  a  moderate  supply  of  small  coin,  and  siippress 
all  outbursts  of  virtuous  indignation." — l^alPs  Bernrse  OherJnud,  p.  55. 

Fortunat<'lv  a  tarift' is  established  bv  the  Cantonal  authorities  for 
carriair«'s,  horses,  guides,  porters,  etc..  so  that  foreigners  have  the 
advantnige  of  knowing  how  far  they  are  liable  to  be  mulcted  by  the 
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artless  natiTes  of  the  moantains.  All  these  material  pieces  of  in- 
formation, together  with  hotels  and  guides,  are  carefully  recorded 
by  Mr.  Ball,  to  whom  our  best  thanks  are  due  for  his  very  con- 
Tenient  little  series  of  Alpine  Guide-books. 


HL — ^Gbolooioal  Map  of  the  United  States,  compiled  fob  the 
9th  Census,  1872.    By  C.  H.  Hitchcock  and  W.  P.  Blake. 

(The  base  is  the  Military  Map  of  the  United  States,  hy  permission  of  the  Chief  of 

Engineers.) 

fTlHE  Reports  of  the  various  State  Surveys  published  from  time  to 
JL  time  have  already  made  us  acquainted,  in  detail,  with  the 
O^olc^y  of  the  Qreat  American  Republic,  and  also  with  its  vast 
Western  Territories,  now  connected  to  and  rapidly  becoming  amal- 

Simated  with  the  more  completely  occupied  Eastern  States  by  the 
reat  Pacific  Railroad. 

It  is  now  more  than  fifteen  years  ago  since  Jules  Marcou  published 
bis  map  of  parts  of  North  America.^  The  aumerous  publications  of 
Professor  Dana,  and  Professor  Rogers's  Oeological  Map  of  the  United 
States,  including  British  North  America,'  and  the  excellent  Canadian 
Map  prepared  by  Sir  William  Logan,  and  exhibited  at  the  1862 
Exhibition,  as  well  as  those  given  by  Lyell,^  have  made  us  generally 
acquainted  with  the  broad  features  of  American  Greology.  Some 
idea  may  be  formed  of  the  basis  upon  which  the  present  Map  rests 
when  we  recall  for  a  moment  the  rapid  progress  which  has  been 
made  in  Gteological  research  in  America  within  the  past  fifteen  years, 
notwithstanding  the  sad  interruption  to  all  such  peaceful  labours 
caused  by  the  unhappy  struggle  between  North  and  South,  the 
recollection  of  which  happily  is  now  rapidly  sinking  into  the  limbo 
of  the  past 

The  following  is  a  tolerably  complete  *  list  of  the  Surveys  now  in 
progress,  or  which  have  already  made  Reports  or  published  Maps, 
eta,  relating  to  the  Geology  of  the  various  States  and  Territories 
named. 

Alaska  Territory,  by  W.  H.  Dall. 
California  State,  by  J.  D.  Whitney  and  C.  King. 
Colorado,  by  Dr.  F.  V.  Hayden. 
Colorado  River,  by  Lieut.  J.  C.  Ives. 
Illinois  State,  by  A.  H.  Worthen. 
Lidiana  State,  by  E.  T.  Cox. 
Iowa  State,  by  Dr.  C.  A.  White  and  R.  D.  Owen. 

>  Boston,  1853.     Zurich,  1858. 

*  Published  in  Kcitli  Johnston's  Physical  Atlas,  1 855. 

*  Travels  in  North  America,  with  (leolojpcal  Observations  on  the  United  States, 
Canada,  etc.,  1845.  2  vols.  8vo. — Second  Visit  to  the  United  States  of  North  America. 
2  Tols.  post  8vo.  1st  edition  1849,  '2nd  edition  1860. 

*  Onr  aomccs  of  information  being  limited,  we  trust  our  American  friends  will 
escnse  any  important  omissions,  if  such  there  be.  We  hare  confined  our  list  to  State 
0«ologicai  Keporte. 
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^['tine  State,  bv  Prjf.  C.  H.  Hhoboock. 

il'*s^'?:iuie::>  Sz^te,  by  Dr.  E.  Hitcboock. 

Mmr.<;B-./:a  rjiate.  bv  Ri'b;.  D.  Owen. 

Miss  uri  S:a:.:.  bv  G.  C.  Swallow,  Dr.  F.  V.  HaTdeii,  F-  B.  MeeL 

Nr>«raska  Tviritirv.  bv  K-  Dale  Owen.  Dr.  F.  V.  Havden. 

Now  Uampfibire  StAto.  h\  ProL  C.  H-  Hitt-hoock. 

New  Jersvy,  by  Prjf.  H.  D.  Rogers. 

New  Mexioi'.  by  Dr.  F.  V.  Uayden. 

Now  York  Stite.  by  W.  W.  Mather,  Dr.  E.  Emmooap  L.  YanazeoL 
anil  J.  Hall. 

Olii'j  State,  bv  Pn:>f.  J.  S.  Newberrv. 

Pacific  IJiiilway  Kep  jn>.  by  F.  R  Meek  and  others. 

Pennsylvania,  by  Prof.  H.  D.  Bogers. 

li  xrkv  M'.'Tint.iins.  bv  Dr.  F.  V.  Havden. 

S  utii  <Air"Iinii,  by  fJscar  M.  Lieber  and  M.  Tuomey. 

'JVnri'rssce  State,  bv  J.  M.  Safford. 

Vf-niionr.  bv  Dr.  K.  Hitcbcxrk  and  others. 

AVisC'iisiii,  bv  li'jbt.  Dab.*  r)wen. 

^VvviJiinir,  etc..  bv  Dr.  F.  V.  Havden. 

TLl*  Yellowstone  River,  bv  Dr.  F.  V.  Havden. 

Many  of  tbi.-se  Srate  Surveys  have  publishevl  nnmerous  volumes  on 

tb<;  Geol'ig}-  and  Paleontology  of  their  several  States,  accompanied 

by  majis  and  sections  and  excellent  plates  of  Fossils. 

The  Siin'ey  of  the  State  of  New  York  (one  of  the  oldest)  ha# 

ptibli>hed  Twenty-oiie  volumes,  comprising  the  Natural  History  and 
A^rriositiiiv  of  the  State. 

llliu'tis,  L'wa.  Indiana.  California,  and  other  States,  have  also 
arlji'veil  "wuijdvrful  and  i-ajad  results,  as  attested  by  their  numerous 
hii'l  i<  <■•  iitly  published  works,  most  of  which  will  be  foimd  noticed 
in  tlie  }•!>;:'.'>  <f  the  (J fj 'Logical  Magazine. 

Tlir:  present  Map.  comi)iled  for  the  9th  Census,  is  based  on  the 
Milii.iiy  M.'ip  of  tliL^  United  States,  by  permission  of  the  Chief 
lln;;.iii'«^r,  and  «'xhil.»its  the  physical  features  so  far  as  the  lakes  and 
riv-r-sy^t'TMs  are  concerned;  and  upon  which  the  geological  fonua- 
ti'>ijs  are  C'»h>nred. 

Oiii;  t<  itiuv  wliicli  has  probibly  influenced  to  some  extent  the 
<lir.  ction  "t"  tlio  ^nat  river-systems  of  Americii  (as  i>ointotl  out  by 
Dana  I  is  the  «.i)iiiparativo  development  (»f  the  older  and  harder  rocks 
(11  tlie  ♦■a>t».rn  and  wt^tt.rn  sides  of  the  Continent — and  to  whicli 
])n,].altly  its  ^ubtrian^ular  form  is  due — the  central  area  being 
*;lji«fly  n«."(.u[.i-Ml  l»y  the  Cn.taceoiis  and  Tertiar}' rocks,  although  traces 
ol'  I'otli  tljH>e  are  found  on  the  seaboard  of  the  east  and  west  coasts. 
Althoii'^h  on  a  cuni])arativelv  small  scale  (*3G  bv  24  inches),  the 
cdiiji  (1*0  11  pr(.*.sen1s  us  wnh  a  fair  notion  of  the  ge(">logical  features 
of  this  vast  and  well-favoured  country.  To  the  geologist,  as  to  the 
]iu]»Ii(j  at  litrgf,  the  mo>t  im])ortant  area  to  be  noticed  at  this  time  is 
that  n((rnpi(Ml  l)y  the  Carboniferous  system;  and  if  arguments  were 
n«(Ml«(l  to  favour  the  old-established  belief  that  the  general  move- 
ment ol'  peoples  is  in  a  westerly  direction,  and  tbat  the  country  of 
the  future  is  Nurth  America,  let  our  American  cousins  point  with 
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perfect  confidence  to  tiieir  almoet  ineifhaustible  Coal-fielda,  -vrhich  are, 
practically  speaking,  unworked,  so  great  hitherto  has  been  the  supply 
of  surface-fa^  in  the  clearing  of  boundless  forests,  now  changing 
into  broad  fields  of  com  and  pastures  for  vast  herds  of  cattle. 

The  older  rocks,  named  Eozoic  by  the  authors,  comprise  all  the 
formations  earlier  than  the  Paradoxtdet-hedB,  including  the  oldest- 
known  metamorphic  Appalachian  Schists, 

Above  these  occur  the  subdivisions  of  the  Palesozoic  rocks,  in- 
cluding the  Silurian,  Devonian,  and  Lower  Carboniferous,  the  Coal- 
measures  and  the  Permo-Carboniferous  rocks.  These  rocks,  it  will 
be  observed,  occupy  a  very  large  district  in  the  Eastern  States,  but  few 
being  found  in  the  Western  Territories  (and  those  being  Devonian), 
from  which  it  will  be  seen  that  the  Carboniferous  series  are  chiefly 
confined  to  the  same  Eastern  area. 

Tlie  Triassic  and  Jurassic  rocks  appear  to  occupy,  on  the  map,  a 
comparatively  limited  portion  of  the  whole  country,  whilst  the  Upper 
Mesozoic  or  Cretaceous  rocks  cover  a  very  extended  central  area 
and  also  a  narrow  band  on  the  Pacific  coast,  as  well  as  in  the  south- 
east and  north-east,  where  it  borders  the  older  Palsaozoic  rocks  of  the 
Mississippi  and  New  Jersey. 

The  Cainozoic  series  occupy  not  only  a  large  portion  of  the 
central  re^on,  but  also  spread  over  and  fill  up  the  depressions  amidst 
the  older  rocks  of  the  western  mountain-ranges,  in  which  district 
also  the  chief  masses  of  the  igneous  rocks  are  found,  for  there 
appear  to  be  no  traces  of  them  marked  on  the  map  in  the  Eastern 
districts.  These  volcanic  rocks  are  classed,  in  the  explanation  of 
colours  given  on  the  map,  under  the  Cainozoic  period. 

Perhaps  the  remarkable  progress  of  the  United  States  G^logical 
Surveyors,  is  most  cleariy  indicated  by  the  great  additions  made  to 
our  knowle^e  of  the  several  formations  composing  the  vast  Western 
Territories  of  the  Union,  and  by  the  better  defined  areas  of  the 
Silurian,  Devonian,  and  Laurentian  rocks  in  the  Eastern  States. 

Contrasted  with  the  older  map  by  Prof.  Hogers  (given  in  Keith 
Johnston's  Physical  Atlas,  1856),  the  colouring  of  the  new  map 
appears  somewhat  too  heavy  and  opaque,  rendering  names  of  places 
less  easily  legible ;  but  this  is  probably  a  fault  of  the  earlier  copies, 
which  is  sure  to  be  remedied  in  the  later  printed  ones,  or,  in  a  new 
edition.  The  adoption  of  cosmopolitan  terms  for  the  great  rock- 
formations,  in  place  of  the  fantastic  ones  used  by  Rogers,  but  now 
generally  discarded,  is  a  very  important  step  towards  a  universally 
accepted  rock  nixnenclature,  which  will  prove  of  enormous  benefit  to 
geological  science  the  world  over. 


IV. — ^Desobiptive  Guide  to  the  Fossil  Collection  in  the  Museum 
o»  the  Leeds  Philosophical  and  Litebabt  Society.  By  L. 
C.  Miall.     (Leeds,  1873.) 

THIS  very  cheap  and  useful  guide  will  be  of  great  service  to  those 
who  may  visit  the  fine   collection  of  Eossils  in  the   Leeds 
Museum,  as  it  contains  in  a  small  compass  much  valuable  informa- 
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tioii  which  will  enable  even  the  non-scientific  visitor  to  apprecitte 
more  fully  the  teachings  to  be  derived  from  the  study  of  the  remuni 
here  presen-ed  illustrative  of  the  past  life  of  the  globe. 

A  general  notice  is  given  of  the  geological  characterB  of  the 
different  formations,  including  the  geology  of  Leeds,  as  w^ell  as  biief 
descriptions  of  the  natural  history  and  relation  to  existing  forms  of 
the  more  important  fo&sil  plants  and  animals  in  the  collection,  aad  a 
list  r)f  works  and  pa|>ers  on  Yorkshire  Geology,  the  whole  guide  re- 
flecting much  credit  on  the  Curator  who  prepared  it 


Geologipal  SoriETY  OF  London. — June  2oth,  1873. —  Joseph 
Prestwich,  Es^i.,  F.R.S.,  Vice-President,  in  the  Chair.— ^The  following 
coriimuuications  were  read : — 1.  "  On  six  Lake-basins  in  Argyll- 
shire."    15y  His  Graca  the  Duke  of  Argj-ll,  K.T.,  F.R.S.,  President 

l1io  author  referred  to  the  part  a6cril>ed  to  glacial  action  in  the 
formati(m  of  lake-basins,  and  described  the  basins  of  six  lakes  in 
Argyllshire,  the  characters  presented  by  which  seemed  to  him  in- 
consistent with  tlieir  having  been  excavated  by  ice.  Among  these 
lakes  were  Loch  Fyne,  Loch  Awe,  Loch  Leckan,  and  the  Dhu  l/och. 
Tlie  upper  part  of  Loch  Fyne  was  said  to  be  cut  off  from  the  rest  by 
a  bar  of  islands,  with  only  one  or  two  deeper  passages.  The  country 
abuut  Loeli  Fyne  was  described  as  consisting  of  Upper  and  Lower 
Silurian  mica-slates,  which  have  been  violently  contorted,  their 
normal  strike  being  indicated  by  the  direction  of  the  valleys.  Loch 
Fyne  occui)i(;8  a  niche  in  the  slope  of  tlie  rocks,  ha>Tlng  an  escarp- 
ment on  one  side  and  the  shelving  strata  on  the  other.  The  exist- 
ence of  a  fault  along  the  line  of  the  loch  was  probable,  but  could 
not  easily  bo  ascertained.  Its  greatest  dei)th  in  this  part  was  said 
to  be  81  fathoms.  Its  banks  show  marks  of  glaciation,  whereon  the 
surface  is  well  adapted  for  their  prcser%'ation ;  the  strongest  marks 
arc  on  those  rock-facos  which  look  up  the  loch.  Between  Loch 
Fyno  and  Loch  Awe  the  mica-slates  are  interstratified  with  granite, 
which  the  autlu)r  believed  to  have  been  forced  up  between  tlie 
planes  of  stratification  by  the  pressure  caused  by  the  falling  in  of 
the  mica-slates,  as  fragments  of  tho  latter  rock  are  imbedded  in  tlie 
granite.  The  author  described  the  diiferent  structure  of  the  twi» 
l)anks  of  Loch  Awo,  the  upper  part  of  which  seemed  to  him  to  lie 
in  a  synclinal  trough ;  and  its  waters  were  only  prevented  by  a  low 
col  fnjm  finding  their  way  to  tho  Atlantic  in  this  direction,  instead 
of  from  tho  lower  end.  Tlie  fonnation  of  the  basin  of  Locb  Awe 
seemed  to  the  author  to  be  due  solely  to  geological  structure,  as  was 
also  the  case  with  another  lake  beyond  the  head  of  Loch  Awe.  The 
KuiTounding  country  was  said  to  bo  full  of  smaller  lake-basins,  the 
formation  of  which  might  be  due  to  the  denudation  of  the  softer 
mica-schists  hing  below  the  granite  ridges,  but  in  some  cases  the 
basins  were  excavated  in  the  latter.  Loch  Leckan  was  mentioned 
as  an  example.     It  is  about  a  mile  long,  from  100  to  200  yards 
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broad,  and  no  less  than  18  fafihon^  deep.  At  the  top  of  its  southern 
bank,  which  consists  of  granite,  there  is  another  lake  (Loch-na- 
Ci^aig),  about  200  yards  broad  and  9  fathoms  deep.  The  surround- 
ing hills  are  low,  and  there  appeared  to  be  no  source  which  could 
furnish  ice  to  excavate  a  lake  of  such  depth  as  Loch  Leckan ;  and 
further,  the  author  contended  that  if  one  of  these  two  basins  were 
excavated  by  ice,  the  other  could  hardly  have  been  preserved  intact. 
Two  other  lakes,  excavated  on  the  summits  of  granite  ndges,  were 
mentioned ;  and  the  author  could  not  conceive  how  either  a  glacier 
or  an  ice-cap  could  have  produced  such  basins.  The  Dhu  Loch, 
separated  from  Loch  Fyne  by  a  bank  of  gravel  about  a  mile  broad, 
is  entirely  in  detrital  matter,  which  the  author  thought  might  have 
been  accumulated  in  its  present  form  by  the  sea  beating  against  the 
end  of  a  glacier.  From  its  position  and  level,  the  Dhu  Loch  rises 
and  falls  with  the  tide ;  and  it  would  appear  that  it  formerly  ex- 
tended some  miles  further  up  the  valley,  where  the  author  had 
found  clays  containing  a  mixture  of  marine  and  freshwater  Dia- 
tomacesB.  In  five  of  these  ceises  the  author  thought  it  was  impossible 
that  the  basins  were  due  to  glacial  action. 

Discussion. — Profl  Ramsay  dissented  from  the  concluding  parts  of  His  Grace's 
remarks,  which  might  lead  his  hearers  to  suppose  that  he  had  attributed  all  lake- 
basins,  without  exception,  to  glacial  action.  On  the  contrary,  he  had  in  all  cases 
maintained  that  they  were  due  in  many  instances  to  certain  original  valleys,  due  to 
various  agencies,  both  of  superficial  denudation  and  of  internal  disturbance,  and 
acting  at  all  periods  of  the  earth's  existence.  These  earlier  inequalities  had 
indeed  received  their  final  configuration  from  the  action  of  ice  ;  and  it  was  only 
certain  of  the  more  shallow  basins  to  which  he  assigned  a  purely  glacial  origin. 
He  disclaimed  any  such  ideas,  which  he  regarded  as  utterly  irreconcilable  with  the 
phenomena  of  nature. "  As  to  the  sides  of  the  basins,  he  had  had  great  experience, 
and  nowhere  had  he  seen  a  case  in  which  he  could  rq^ard  the  existence  of  a  lake 
as  merely  due  to  a  fracture  of  the  rocks.  In  Scotland  it  was  well  known  that 
most  of  the  contortions  of  the  rocks  had  taken  place  before  the  deposition  of  the 
Old  Red  Sandstone.  He  wished  to  know  whether  during  the  ages  that  had 
passed  since  that  time  all  atmospheric  agencies  had  been  suspended.  On  the 
contrary,  their  operation  had  been  such  that  thousands  and  thousands  of  feet  of 
strata  htid  by  their  means  been  removed.  Nowhere  was  this  more  evident  than  in 
considering  the  structure  of  the  Carboniferous  areas,  where  enormous  denudation 
had  taken  place  long  before  even  the  coal  had  been  deposited.  How  then  could 
we  ignore  this  operation  in  other  parts  of  the  country  ?  As  to  faults,  he  submitted 
that  their  existence  must  be  proved  rather  than  assumed.  Did  they  exist,  they 
were  not  gaping  faults,  but  closed ;  and  he  regarded  it  as  physically  impossible 
for  such  hollows  as  those  in  which  the  lakes  were  found  to  be  due  to  such  causes. 
Even  if  fractiires  existed,  they  would  not  remove  tlie  matter  of  which  the  rocks 
were  composed.  They  might  however,  constitute  lines  of  weakness,  along  which 
denuding  agents  might  more  readily  work.  As  to  the  lakes  on  the  summits  of 
ridges,  he  would  not  pretend  to  account  for  what  he  had  not  seen  ;  but  he  cited 
similar  lakes  in  the  Grimsel,  which  presented  similar  phenomena,  and  which  he 
regarded  as  undoubtedly  due  to  glacier  action.  Even  on  the  top  of  rocfies  mou- 
tonnies  such  basins  were  found  ;  and  though  he  might  not  know  the  exact  circum- 
stances under  which  they  were  found,  they  were  undoubtedly  due  to  ice-action. 
If  in  Switzerland  and  other  glaciated  countries  of  the  present  day  we  found  the 
configuration  of  the  country  presenting  similar  phenomena  to  those  of  Scotland, 
he  considered  that  there  was  ample  ground  for  attributing  both  to  the  same  cause, 
and  there  was  no  need  of  invoking  other  causes.  It  was  moreover  to  be  borne  in 
mind  that  though  similar  contorted  gneissose  rocks  to  those  of  Scotland  occurretl 
in  several  other  countries,  it  was  only  in  those  which  had  been  glaciated  that  such 
numerous  lake-basins  were  to  be  seen« 
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The  Duke  of  Arg}'ll,  in  reply,  agreed  with  Prof.  Ramsay  thst  it  was  not  in  all 
cases  that  the  lake*ba.siiis  were  due  to  disturbance  of  the  rocks  ;  and  ,  indeed  in 
some  of  the  most  contorted  districts  lakes  were  rarely  present.  All  his  conteotioa 
was  that  whatever  may  have  been  the  denuding  agent,  it  was  not  in  all  cases  ice 

2.  *'  Description  of  the  Skull  of  a  DentigerouB  Bird  (OdoniopUrfx 
toUapieus,  Owen),  from  the  London  Clay  of  Sbeppey."  By  Ptof. 
Richard  Owen,  F.R.S.,  F.G.S. 

Tlie  specimen  described  by  the  author  consisted  of  the  biHin-case, 
with  the  biisal  portion  of  both  jaws.  The  author  described  in  detail 
the  structure  and  relations  of  the  Tarious  bones  composing  this 
skull,  which  is  rendered  especially  remarkable  by  the  denticulation 
of  the  alveolar  margins  of  the  jaws,  to  which  its  generic  api>ellatum 
refers.  The  deuticulations,  which  are  intrinsic  parts  of  the  bone 
bearing  them,  arc  of  two  sixes, — the  smaller  ones  about  half  a  line 
in  length,  the  larger  ones  from  two  to  three  lines.  The  latter  are 
separated  by  intervals  of  about  half  an  inch,  each  of  which  is  oocn- 
pied  by  several  of  the  smaller  denticles.  All  the  denticles  aze  of  a 
triangular  or  compressed  conical  form,  the  larger  ones  resembling 
laniaries.  Sections  of  the  denticles  show  under  the  microscope  the 
uninistukablo  characters  of  avian  bone.  The  length  of  the  skull 
behind  the  fronto-nasal  suture  is  two  inches  five  lines  ;  and  from  the 
propoi-tions  of  the  fn^ment  of  the  upper  mandible  preserved,  the 
author  concluded  that  the  total  length  of  the  perfect  skull  could  not 
be  less  than  between  five  and  six  inches.  The  author  proceeded  to 
oomj)are  the  fossil,  which  he  declared  to  present  strictly  avian 
characters,  with  those  groups  of  birds  in  which  the  beak  is  longer 
than  the  true  crauiuin,  a  character  which  occurs  &s  a  rule  in  the  Aca 
aqmiiicce,  lie  stated  that  none  of  the  Waders  have  the  nostrils  bo 
remote  from  the  orbits  as  in  Odontopteryx ;  and  this  character,  with 
the  absence  of  tlie  supi-aorbital  gland-pit,  limits  the  coni{>arison  to 
the  Totipalmates  and  Lamellirostrals.  Tlic  former  are  excluded  by 
their  not  having  the  orbit  bounded  by  a  liind  wall  as  in  Odontoptertfx. 
and  in  this  and  other  pec*uliarlties  the  fossil  seems  to  approach  most 
nearly  to  tho  Anatida?,  in  the  near  allies  of  which,  the  Gooeanden 
and  Merganscre,  tho  beak  is  furnished  with  strong  pointed  denticu- 
lations.  In  these,  however,  the  tooth-like  processes  belong  to  the 
horny  bill  only,  and  the  author  stated  that  the  production  of  the 
alveolar  margin  into  bony  teeth  is  peculiar,  so  far  as  he  knows,  to 
Odoiit(tpteryx,  Ho  concluded,  from  the  consideration  of  all  its 
characters,  "  that  Odontopieryx  was  a  warm-blooded,  feathered  biped, 
with  wings ;  and  further,  that  it  was  web-footed  and  a  fish-eater, 
and  that  in  tho  catching  of  its  slippery  prey  it  was  assisted  by  thii 
ptorosauroid  armature  of  its  jaws."  In  conclusion,  the  author  indi- 
cated the  characters  separating  Odontopieryx  from  the  Cretaceous 
fossil  skull  lately  described  by  Prof.  0.  C.  Marsh,  and  which  he 
afli  17118  to  have  small,  similar  teeth  implanted  in  distinct  sockets. 

DiscrssiON. — Mr.  Sceley  had  given  much  study  to  the  Pterosaurians,  to  which 
the  author  had  indicated  the  affinities  of  Odontopieryx.  He  had  in  Ormithockfinu 
Oivcni  found  what  appeared  to  be  identical  structure  with  that  of  the  bird,  and  it 
therefore  appeared  to  form  a  new  genus  of  Pterosaurians.  Both  in  the  frontal  and 
occipital  regions  of  the  skull  he  recognized  affinities  to  Omithoeheirus  ;  but  it  pre- 
sented even  more  distinctly  marked  reptilian  affinities.     The  position  of  the  bniin 
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wms  also  quite  as  Ceut  back  in  Uie  skull,  and  the  quadrate  bone  also  presented 
curious  analogies,  so  much  so  as  to  be  almost  identical  The  sutures  presented 
characters  similar  to  those  exhibited  by  immature  birds ;  and  he  thought  that 
the  separation  of  the  bones  in  this  example  showed  affinities  to  the  anserine 
type.  He  was  quite  prepared  to  regard  the  fossil  as  that  of  a  bird  rather  than  of 
an  Omithosaurian.     He  inquired  as  to  the  character  of  tbe  palatal  bones. 

Mr.  Charlesworth  inquired  as  to  the  light  in  which  this  discovery  would  be  re- 
garded by  evolutionists. 

ProC  Owen  briefly  replied. 

3.  ''Contribution  to  the  Anatomy  of  JBypsilophodon  Foxii,  an 
Account  of  some  recently  acquired  Hemains  of  this  Dinosaur."  By 
J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

After  referring  to  Professors  Owen  and  Huxley's  descriptions  of 
the  Mantell-Bowerbank  skeleton  in  the  British  Museum,  and  to  the 
paper  by  the  last-named  gentleman  on  the  skull  of  this  Dinosaur 
read  at  a  meeting  of  this  Society  in  1870,  the  author  communicated 
details  of  its  dentition,  the  form  of  its  mandible,  and  that  of  the 
cones  of  the  shoulder  and  fore  limb,  and  of  the  haunch  and  hind 
limb,  hitherto  imperfectly  or  quite  unknown.  The  resemblance  to 
Iguanodon  is  greater  than  had  been  supposed,  but  the  generic  dis- 
tinctness of  Hypsilophodon  holds  good. 

Discussion. — Prof.  Owen  remarked  that  palaeontologists  generally  were  in- 
terested in  obtaining  such  additional  evidence  of  the  generic  characters  of  Iguano- 
ion  as  Mr.  Fox's  valuable  discovery  of  the  skull  and  other  remains  of  the  small 
species  in  the  Isle  of  Wight  Wealden  might  supply  ;  but  such  desirable  informa- 
tion, especially  as  regards  the  cranial  structure  of  the  herbivorous  Dinosaurs,  is 
shut  oat  if  those  remains  are  shown  to  belong  to  a  distinct  genus.  In  the  paper  to 
that  end  in  the  'Quarterly  Joumar  for  1870,  p.  3,  the  only  teeth  of  the  so-called 
Hypsilophodon  known  to  the  writer,  were  those  of  the  upper  jaw,  and  these  were  not 
sntire ;  the  portion  of  crown  answering  to  the  serrated  portion  in  Igtianodon  was 
worn  away.  Mr.  Fox  was  therefore  justified  in  rejecting  Professor  Huxley's  genus 
ffypsUophodoft^  although  he  might  believe  the  statement  that  such  serrations  were 
duLracteristic  of  the  teeth  of  Iguanodon^  especially  when  emphasized  by  the  phrase 
••  so  characteristic"  ;  the  fact  being,  however,  that  marginal  serrations  characterize 
the  apical  half  of  the  crown  in  the  Dinosaurian  genera  Scelidosqurus  and  Echinodon 
as  in  Iguanodon.  What  are  trulv  chaiacteristic  of  the  upper  molars  of  that 
herbivorous  DinC>saurian  are  the  ridges  on  the  outer  surface  of  the  crown,  which 
rkiges,  being  also  present  in  Fox's  Igtianotion^  and  supposed  to  be  peculiar  thereto, 
suggested  to  Professor  Huxley  the  term  Hypsilophodon.  But  the  lower  molars  of 
Iguanodon  are  equally  ridged,  but  on  the  opposite  side  to  those  above,  viz.  the 
inner  side  ;  and  ine  maminal  serrations  extend  nearer  to  the  base  of  the  crown. 
Now  the  lower  molars  of  the  small  Iguanodon^  also  found,  with  the  mandible,  by 
Mr.  Fox,  show  this  generic  character,  and  vindicate  the  taxonomy  of  their  dis- 
corerer.  We  may  rest  assured,  therefore,  that  the  sloping  edentulous  symphysial 
part  of  the  mandible  of  the  great  Iguanodon  had  a  downbent  edentulous  part  of 
the  premaxillaries  applied  to  it,  such  as  the  fore  part  of  the  skull  of  Iguanodon 
Foxii  exhibits.  Without  a  knowledge  of  the  characters  of  both  upper  and  lower 
molars  of  this  small  Iguanodon ^  no  one  in  quest  of  the  truth  of  the  matter  could 
affirm  "that  the  teeth  of  this  reptile  were  perfectly  distinct  from  those  of  Iguanodon 
ManUlli.'*'*  In  the  last  plate  of  Prof.  Owen's  'Monograph*  for  the  forthcoming 
volume  of  the  Paleeontographical  Society,  the  mandible  and  mandibular  teeth  are 
figured,  and  he  had  hoped  to  have  received  a  proof  to  show  to  the  meeting.  The 
mandibular  teeth  exhibited  by  Mr.  Hulke  were  identical  with  those  previously  dis- 
covered by  Mr.  Fox,  In  the  *  Monographs '  the  evidence  will  be  found  of  the 
specific,  but  not  generic  distinction  of  Mr.  Fox's  small  Dinosaur  from  the  large 
Iguanodon  ManUllu 

4.  "On  the  Glacial  Phenomena  of  the  'Long  Island,'  or  Outer 
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Hobrifleg."      By  James  Geikie,   Esq.,  F.R.S.K,  F.G.S-,  of  H.M 

Geologi«i-al  Survey  of  Sojtland. — First  paper. 

Tlic  autfior  commenced  by  describing  the  phyRical  featnres  of 
Lewis,  which  he  stated  to  be  broken  and  moontainoos  in  the  soath, 
whilst  the  north  might  be  descriljed  as  a  great  peat  moss  linng 
gni'lually  to  a  height  of  about  400  feet,  but  with  the  rock  breaking 
throu;i:h  here  and  there,  and  sometimes  reaching  a  higher  elevation. 
The  north-east  and  north-west  coasts  are  comparatively  unbroken, 
but  south  of  Aird  Laimisheadar  in  the  west  and  Stomoway  in  the 
east,  many  inlets  run  far  into  the  countrv.     The  island  contains  s 
great  number  of  lakes  of  various  sizes,  which  are  most  abundant  in 
the  southern  mountain  tract  and  in  the  undulating  ground  at  its 
base.     The  greater  part  of  Lewis  consists  of  gneiss,  the  only  other 
rocks  met  with  being  granite  and  red  sandstone,  and  conglomeiate 
of  Caml^rian  age.    The  stratification  of  the  gneissic  rocks  is  gcnerallj 
well  marked ;  the*  prevalent  strike  is  N.E.  and  S.W.  with  S-E.  dip, 
generally  at  a  high  angle.     The  author  described  in  considerable 
detail  the  traces  of  glaciation  observed  in  the  lower  northern  part  of 
Le^ris,  and  inferred  from  his  obser\'ation8  that  the  ice  passed  from 
sea  to  sea  across  the  whole  brcarlth  of  this  district,  and  that  it  not 
only  did  not  come  from  the  mountainous  tract  to  the  south,  but  most 
have  been  of  sufficient  thickness  to  keep  on  its  course  towards  the 
nortli-wcst  undisturbed  by  the  pressure  of  the  glacier  masses  which 
must  at  the  same  time  have  filled  the  glens  and  vaUeys  of  that 
mountain  region.     After  describing  the  characters  presented  by  the 
bottom-till  in  the  northern  part  of  Lewis,  the  author  proceeded  to 
notice  those  of  the  lakes,  some  of  which  trend  north-west  and  south- 
east, others  north-east  and  south-west,  whilst  those  of  the  mountain 
district  follow  no  particular  direction.     The  lake-basins  of  the  first 
series  ho  regarded  as  formed  at  the  same  time  and  by  the  same 
agency  as  the  roches  moutonnces  and  other  marks  of  glacial  action ; 
tliey  arc  true  rock-basins  or  hollows  between  parallel  banks  formed 
wholly  of  till,  or  of  till  and  rock.     The  X.E.  and  S.W.  lakes  coin- 
cide in  direction  precisely  with  the  strike  of  the  gneiss ;  and  the 
author  explained  their  origin  by  the  deposition  of  till  by  the  land-ice 
in  passing  over  the  escarpments  of  the  gneiss  facing  the  north-west. 
The  lakes  of  the  mountain  district  are  regarded  by  the  author  as  all 
produced  by  glacial  erosion.     The  author  considered  that  the  ice 
which  ])assod  over  the  northern  part  of  Lewis  could  only  have  come 
from  the  main  land.      Referring  to  the  glaciation  of  Raasay,  he 
showed  that  the  ice-shoot  which  effected  it  must  have  had  in  the 
Inner  Sound  a  depth  of  at  least  2700  feet,  and  taking  this  as  ap- 
proximately the  thickness  of  the  nier  de  glace,  which  flowed  into  the 
Minch,  which  is  only  between  50  and  60  fathoms  in  depth,  no  part 
of  this  ice  could  have  floated,  and  the  mass  must  have  pressed  on 
over  tlio  sea-bottom  just  as  if  it  had   been   a  land   surface.     Joe 
cr)ming  from  Sutherland  must  have  prevented  the  flow  of  the  Ross- 
shiro  ice  through  the  Minch  into  the  North  Atlantic,  and  forced  it 
over  the  low  northern  part  of  Lewis  ;  and  the  height  to  which  Lewis 
has  been  glaciated  seems  to  show  that  the  groat  ice-sheet  continued 
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itfl  progress  niitil  it  reached  the  edge  of  the  lOQ-fathom  plateau,  40 
or  50  miles  beyond  the  Outer  HebrideSy  and  then  gave  off  its  ice- 
bergs in  the  deep  waters  of  the  Atlantic. 

Discussion.— Ptof.  Owen  corroborated  the  author's  riews  as  to  the  grand 
marks  of  glaciation  on  the  island  of  Lewis  which  had  come  under  his  personal 
observation. 

5.  ''  Notes  on  the  Olacial  Phenomena  of  the  Hebrides."  By  J.  F. 
Campbell,  Esq.,  P.Q.S. 

This  comm'unioation  consisted  of  notes  extracted  from  the  author's 
journal,  giving  his  observations  of  indications  of  glacial  action  in 
various  islands  of  the  group  of  the  Hebrides.  Heynish  in  Tiree  is 
500  feet  high,  and  has  many  large  perched  blocks  on  its  top.  These 
blocks  are  of  gneiss,  and  the  author  thought  they  came  from  the 
north-west.  The  Barra  islands  are  described  as  rocky,  and  resem- 
bling the  hill-tops  of  a  submerged  land.  All  ice-marks  found  by  the 
author  seemed  to  him  to  come  from  the  north  and  west  He  thought 
that  the  final  grinding  was  given  by  floating  ice  when  the  land  was 
more  submerged  than  at  present.  At  Castle  Bay,  in  Barra,  the 
author  observed  well-preserved  glacial  strisd  at  the  sea-level  in  a 
direction  from  N.N.W.  The  whole  island  is  glaciated  and  strewn 
with  perched  blocks.  Olacial  indications  were  also  observed  in 
South  Uist,  Benbecula,  and  Skye ;  and  the  author  stated  that,  on  the 
whole,  he  was  inclined  to  think  that  the  last  glacial  period  was 
marine,  and  that  heavy  ice  came  in  from  the  ocean,  the  local  condi- 
tions being  like  those  of  Labrador.  The  author  regarded  most  of 
the  lake-basins  of  the  Hebrides  as  formed  by  ice-action,  and  con- 
sidered that  the  ice  by  which  those  islands  were  glaciated  came  from 
Greenland. 

6.  "  On  Fossil  Corals  from  the  Eocene  Formation  of  the  West 
Indies."    By  Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  V.P.G.S. 

The  author  had  considered  his  labours  amongst  the  fossil  corals  of 
the  West  Indian  Islands  finished,  but  lately  a  very  fine  collection  has 
been  sent  to  him  from  the  University  of  Upsala,  and  Mr.  P.  T.  Cleve 
of  Stockholm.  The  ^)ecimens  were  collected  from  limestone  and 
coral  conglomerates,  which  are  covered  by  and  rest  upon  volcanic 
debris  and  ejectamenta  in  the  island  of  St.  Bartholomew.  The 
species  represented  there  are  numerous,  and  may  be  divided  into : — 
Group  1,  Species  not  hitherto  known ;  2,  Species  with  a  Cretjiceous 
fades  ;  3,  Species  characteristic  of  the  horizons  of  the  Upper 
Eocene  and  Oligocene  deposits  of  Europe;  4,  Species  found  tdso 
in  the  Nummulitic  deposits  of  Europe  and  Scinde ;  6,  Species  belong- 
ing to  the  recent  coral  fauna ;  6,  Species  referable  to  genera  which 
belong  to  tbe  Jurassic  and  to  the  Caribbean  faima. 

The  determination  of  tbe  forms  of  the  associated  Mollusca  and 
Echinodermata  permit  the  following  deposits  being  placed  on  a 
general  geological  horizon, — the  limestone  and  conglomerate  of  St. 
&trtholomew,  the  dark  shales  beneath  the  Miocene  of  Jamaica,  the 
beds  of  San  Fernando,  Trinidad.  These  were  probably  contem- 
poraneous with  the  Java  deposits,  the  Eocene  of  the  Hala  chain,  the 
freat  reefs  of  the  Castel  Gomberto  district,  the  reefs  of  Oberberg  in 
teiermark,  and  the  Oligocene  of  Western  Europe. 
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The  author  has  already  descrihed  reef  oonils  from  the  Iiower  Cre- 
taceous (Upjier  Greensand)  of  Jamaica ;  and  the  size  of  the  speci- 
mens proves  that  the  reef  was  exposed  to  the  surf  of  an  open  fUL 
To  these  reefs  succeeded  on  the  same  area  othera  in  the  Eocene  time, 
in  the  Miocene  and  Pliocene ;  and  there  are  modem  reefs  in  the 
neigbhourhood. 

The  affinities  and  identities  of  the  fossil  forma  with  those  of  con- 
temporaneous reefs  in  Asia  and  Europe,  and  the  limitation  of  the 
species  of  the  existing  Carihbean  coral  fauna,  point  oat  the  correct- 
ness of  the*  views  put  forth  by  S.  P.  Woodward,  Carried  Moore,  and 
the  author,  concerning  tho  upheaval  of  the  isthmna  of  Panama  after 
the  termination  of  the  Miocene  period. 

7.  "  Note  on  the  Lignite-deposit  of  Lal-Lal,  Victoria,  AostraUa." 
By  B.  Etheridge,  Esq.,  Jun.,  F.G.S. 

The  author  described  this  deposit,  which  is  worked  at  the  vfllage 
of  Ltd-Lal,  south  of  Mount  Bunniyong.  A  boring  towards  the  centre 
of  the  deposit  showed  about  73  feet  of  sand,  clay,  and  gravel,  3  feet 
of  fireclay,  and  115  feet  of  lignite.  The  lignite  is  an  earthy  bita- 
minous  coal,  composed  of  branches,  roots,  etc.,  i^.coniferoos  treea 
In  the  mass  there  are  a  few  thin  seams  of  jot  and  day-beds,  acoom- 
panied  by  two  kinds  of  resin.  The  lignite  is  very  poor  in  carbon. 
It  is  almost  entirely  composed  of  remains  of  coniferous  plants  not 
now  existing  in  Victoria ;  and  the  author  considered  that  it  ia  nearW 
of  the  same  age  as  the  Lignite  deposit  of  Morrison's  Diggings,  whim 
has  1x)en  regarded  as  Miocene. 

Tlie  next  Meeting  of  the  Society  will  be  held  on  WednesdAj, 
November  5,  1873. 

GEOLoaisTs'  Association. — July  4th.  Henry  Woodward,  Esq., 
F.K.S.,  F.G.S.,  President,  in  tho  Chair.— 1.  "  Sketch  of  the  Geology 
of  Northamptonshire."     By  Samuel  Sharp,  Esq.,  F.S.A.,  F.G.S. 

Nortliainptonshiro  is  situated  alx)ut  midway  upon  the  Great  Oolitic 
and  Liassic  belt  which  traverses  England  from  Dorsetshire  to  York- 
shire. Tlie  Lias  constitutes  tho  great  basal  formation  of  the  whole 
district ;  the  Upper  having  a  maximum  thickness  of  some  200  feet, 
tlio  Middle  or  Marlstone  30  feet,  and  tho  Lower  650  feet.  The 
Upper  lAna  abounds  with  the  usual  Beptilian,  Cephalapodan,  and 
]Molluscan  remains,  with  some  Crustaceans,  including  a  new  form, 
referable  to  the  PalcBmonida,  named  Penceus  Sharpii,  Woodward. 

Above  the  Lias  repose  the  interesting  series  of  beds  of  the  Inferior 
and  Great  0(jlite,  which  were  succinctly  described  by  the  author 
in  this  sketch,  Init  hod  been  more  fully  treated  of  by  him  in 
elaborate  i)apor8  published  in  the  Quarterly  Journal  of  the  Greo- 
logicnl  Society  for  August,  1870,  and  May,  187t3. 

Tlie  lowest  of  these  Ixjds  is  tho  "  Northampton  Sand,"  divided 
into  tho  Lower  and  Upper :  the  former  is  for  the  most  part  ferru- 
ginous, 3'ieMiug  the  now  well-known  Northamptonshire  iron-ore, 
of  which  at  the  present  time  alx)vo  20,000  tons  a  week  are  being 
excavated,  and  producing  on  an  average  about  40  per  cent,  of  pig- 
iron.     This  bed  was  quarried  largely  for  iron-ore  by  the   Koxnaitf 
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in  tke  third  and  fourth  oentorieSy  but  its  reeouroes  had  remained 
dormant  until  about  twenty  years  aga  The  |Lower  diviaion  of  the 
Northampton  Sand  is  abundEmtly  fossiliferous  in  bands  and  patches, 
«nd  contains  Corals,  Ammonites,  large  Nautili^  Belemnitea,  EeJUnO' 
dermatOf  LamelUbrauehiata,  and  Oasteropoda,  including  many  new 
forms,  among  which  are — Lima  Sharpianaj  £th.,  Z.  deltoidea^  £th., 
L,  Duatonetuis,  £th.,  Trigonia  Sharpiana,  Lycett,  etc.  The  Upper 
division  consists  of  a  white  sand,  sometimes  intercalated  with 
patches  of  blue  clay,  and  containing  a  peculiar  plant-bed,  consisting 
of  horizontal  layers  of  super-growth  overlying  a  bed  of  vertical 
root-perforations.  This  division  exhibits  estuarine  characteristics, 
and  has  been  termed  by  Mr.  J.  W.  Judd,  F.G.S.|  the  ''Lower 
Estuarine"  series. 

Next  in  an  ascending  scale  is  an  important  formation  (only 
recently  defined),  consisting  of  beds  of  Oolitic  and  Marly  lime- 
stones. It  attains  in  Lincolnshire  to  a  thickness  of  200  feet,  and 
has  hence  been  designated  the  ''Lincolnshire  Limestone."  The 
fossil  contents  indicate  that  these  beds  are  Inferior  Oolite:  they 
constitute  the  uppermost  group  of  the  Inferior  Oolite  series  in  this 
part  of  England. 

At  the  base  of  the  Lincolnshire  Limestone  occurs,  at  CoUyweston, 
Easton,  and  some  other  places,  a  calcareo-arenaceous  band,  which 
upon  exposure  to  frost  splits  into  slates  in  the  planes  of  its  finely- 
laminated  stratification.  This  slate  is  of  a  cream  colour ;  it  was  in 
ancient  times  the  prevailing  roofing  material  of  a  wide  district,  and 
haa  been  of  late  years  much  used  for  church  work.  The  slate-band 
is  highly  fossiliferous,  and  has  yielded,  among  new  forms,  a  beauti- 
ful winged  univalve,  Pterocera  Benileyiy  Mor.  and  Lye. ;  a  small 
lobster,  Paeudophyllia ;  and  a  unique  star-fish,  Astropecten  Cottea- 
woldtcB,  var.  Stamfordensisy  Wright.  Limestone  beds  occur  above 
this  slate  band:  the  lower  being  for  the  most  part  marly  ;  some  bands 
yielding  a  pure  cream-coloured  soft  stone,  well  adapted  for  fine 
interior  work;  othera  a  good  rough  building-stone,  and  all  lime. 
Above  the  marly  beds  are  the  beds  of  the  well-known  "  free- 
stone "  quarried  at  Weldon,  Ketton,  Casterton,  Ancaster,  etc.  It  is 
from  the  peculiar  texture  of  this  stone  that  the  term  "  Oolitic  "  (so 
inappropriately  applied  to  the  great  series  of  formations  bearing 
that  name,  and  which  comprise  beds  presenting  various  and  fre- 
quently opposite  petrological  cliaractoristics)  has  been  derived.  The 
stone  is  composed  entirely  of  small  egg-shajied  grains,  embedded 
in  a  calcareous  matrix.  A  polished  section  shows  that  each  of 
thesO  grains  consists  of  a  minute  siliceous  nucleus  inclosed  in 
a  series  of  concentric  calcareous  films.  The  beds  have  yielded 
the  characteristic  Terehraiula  fimbria  of  Sowerby.  A  very  shelly 
band  occurs  generally  above  the  workajjle  freestone,  which  was 
quarried  anciently  (even  in  times  as  remote  as  the  Roman  occu- 
pation) at  Barnack,  anil  hence  was  willed  the  "  Barnnck  Rag." 
Many  of  our  most  ancient  cathedrals  and  churches  were  built  of 
this  stone,  which  time  has  proved  to  have  been  most  durable; 
but  it  has  not  been  quarried  for  nearly   400  years.      From  the 
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Barnack  Rag  beds  the  little  Inferior  Oolite  Bk'^ckendla  spinoea, 
Schlotb.,  has  been  obtained.   The  beds  of  the  Linoolnshire  Limestone 
are  surmounted  unoonformably  by  certain  beds  of  the  Great  Oc^itB 
series.     Tlie  lowest  of  these  consists  of  a  very  variable  day,  oftm 
disposed  in  thin  laminaa,  containing  sometimes  marine  and  sometimes 
estuarine   or  freshwater  shells,  much  wood,  and  a  plant-bed  pre- 
cisely similar  to  that  previously  described :  it  is  almost  invariably 
based  by  a  ferruginous  band,  varying  in  thickness  from  six  inches 
to  two  feet     It  has  been  distinguished  as  the  "  Upper  Estuarine.** 
The  **  Great  Oolite "   Limestone  of   the   district   is    superimposed 
upon  the  clay  last  named.     It  consists  of  a  series  of  variable  beds, 
some  very  soft,  and  some  cr^'stalline  and  hard.    A  band  at  Alwalton, 
near   Peterborough,  takes  a  good  polish,   and    has    been    termed 
*'  Alw.'ilton  Marble."     It  was  used  as  early  as  the  13th  century  for 
the  slender  disengaged  shafts  of  the  beautiful  front  of  Peterborougb 
Cathedral.     Some  bands  of  tliis  limestone  abound  with  fossils,  imd 
have  yielded,  among  new  forms,  two  species  of  a   small  lobster 
allied  to  Eryma  degans,  Oppel ;  a  species  of  fish,  of  which  only  two 
examples  are  known  (and  these  both  found  at  Blis worth),  PhoUdo- 
phorus  Flesherif  Agassiz ;   a  beautiful  small   star-fish,  having  five 
attenuated  and  tortuous  rays,  Ophiurella  Grieshachit,  Wright,  from 
Oundle;   a   unique  fruit,  the  type   of  a  new  genns  and  spedes* 
Kaidacarpum  ooliticum,   Oturuthers,   etc.      Over  this    limestone  ii 
frequently  found  a  clay  characterized  by  the  abundant  presence  of 
the  small  Ostrea  sub-rugulosa,  Mor.  and  Lye.     From  this  clay,  in 
several  localities,  have  been  obtained  vertebra)  of  the  colossal  Cetio- 
saurus.      This  clay  is   in   the  same  sequential  position  as  that  at 
Kirklinj^ton,  Oxfordshire,  whence  Professor  Phillips   obtained  the 
wonderful  skeleton  of  the  same  Saurian  now  in  the  Oxford  Museum. 
It  is  prol)al)ly  on  the  same  horizon  as  the  Bradford  Clay  of  the  West 
Above,   successively  occur  the  Forest  Marble,  Cornbrash,  and  the 
Oxford  Clay,  containing  the  usual  fossils ;  and  the  last  marking  the 
limit  upwards  of  the  range  of  Secondary  formations  in  the  county. 
The  high  lands  of  the  district  are  commonly  capped  with  beds  of 
the   Boulder-clay  or   "Glacial   Gravels,"  having  the   usual  varied 
contents.     The  valley-gravels  abound  with  large  teeth  and  tusks  of 
elephants,    E,    antiquns    and   E,  primigenius,   teeth    of    Rhinocerot 
tichorhlnuSy  bones  of  Hippoj>otamus  major ^  teeth  of  Equna  fossiUn,  and 
E,  caballuSy  and  heads  and  bonis  of  Bos primigenius,  A  peaty  fluviatile 
bed  above  the  gravel  contains  at  its  base  numerous  remains  of  the 
small  aboriginal  ox  {Jios  longifrons),  Red  Deer,  Horse,  Hog,  etc 
In  describing  the  geological  geography  of  the  county,  the  ailthor 
stated  that  the  ferruginous  beds  extend  throughout  tho  entire  area 
of  the  county,  with  tlie  exception  of  a  small  portion  at  its  north- 
eastern extremity ;  but  they  are  thickest  and  prol^ably  richest  about  the 
middle.     The  Lincolnshire  Limestone  occurs  only  in  the  Northern 
division,  thinning  away  near  Kettering  and  Maidwell.      The  two 
Estuarine  l>ods  are  everywhere  present  when  not  denuded,  coming 
together  ai'ter  the  thinning  away  of  the  intervening  Lincolnshire 
Limestone.    The  Great  Oolite  Limestone  is  thickest  near  Northamp- 
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ton,  thinning  to  the  north-east  The  overlying  Qreat  Oolite  Clay 
in  thickest  at  Honghton,  near  Northampton,  but  has  frequently  been 
thinned  or  removed  by  denudation,  llie  Forest  Marble  only  occurs 
over  a  small  area  near  Peterborough.  The  Combrash  only  in  the 
Northern  division  of  the  county,  ranging  in  from  Bedfordshire, 
near  Bigham  Ferrers,  capping  the  high  grounds,  north  of  the  Nene, 
near  Thropstone  and  Oundle,  and  oovering  a  considerable  area  near 
Peterborough.  The  Oxford  Clay  caps  the  southern  escarpment  of 
the  Nene  Valley  from  near  Thrapstone  to  the  vicinity  of  Peter- 
borough ;  occurs  in  considerable  patches,  in  the  same  elevated  posi- 
tion, north  of  the  Nene,  in  the  neighbourhood  of  Oundle ;  but  only 
occupies  low  situations  near  Peterborough,  where  it  spreads  out  into 
the  great  level  of  the  Fens.  High  table-land  occurs  near  Naseby, 
from  the  watershed  of  which  rise — the  Avon,  which  flows  westward, 
by  Warwick  and  Stratford-on-Avon,  to  the  Severn;  the  Welland, 
which  flows  easterly,  by  Stamford  and  Spalding,  into  the  Boston 
Deeps,  marking  the  northern  boundary  of  the  county  throughout 
the  greater  part  of  its  course ;  the  Nene,  which  flows  by  Northamp- 
ton and  Peterborough,  and  falls  into  the  Boston  Deeps  near  Wis- 
beach  ;  and  the  Ise,  a  tributary  of  the  Welland :  the  Ouse  rises  in 
the  Southern  division  of  the  county,  but  attains  to  no  magnitude 
until  it  has  passed  into  Bucks  and  Beds.  Many  other  minor  streams 
are  tributaries  to  these.  The  intersections  of  the  county  by  the 
valleys  indicated  by  these  rivers  and  streams  present  innumerable 
escarpments,  from  which,  in  consequence  of  the  alternation  of  per- 
vious and  impervious  beds,  flow  the  numerous  springs  for  which  the 
coimty  is  famous.  The  author,  after  remarking  upon  the  mineral 
wealth  of  the  county,  derivable  from  the  formations  described,  alluded 
to  the  recently  revived  agitation  for  a  search  for  coal  in  the  district ; 
which  he  stigmatized  as  being  both  delusive  and  unwise. 

2.  **  On  some  New  Crag  Fossils,"  by  Alfred  Bell. 

The  author's  observations  since  his  former  paper  on  the  Crags  was 
read  confirm  the  views  he  then  expressed  as  to  the  divisibility  of 
the  English  Crags  into  four  divisions,  founded  on  palaeontological 
evidence.  He  had  determined  145  species  (some  new  to  the 
Crags,  and  some  new  to  particular  divisions)  in  addition  to  those 
given  in  his  published  lists.  After  reiterating  his  opinion  that  the 
Belgian  Sables  gris  were  intermediate  in  age  between  the  Coralline 
and  the  lied  Crags,  the  author  described  generally  the  new  forms  of 
each  division  of  the  Crags. 

3.  "  An  Account  of  the  Eruption  of  Mount  Vesuvius  of  April, 
1872,"  by  J.  M.  Black,  Esq.,  J.P. 

In  this  paper  the  brief  but  violent  and  destructive  eruption  of 
last  year  was  described  by  the  author,  who  had  carefully  noted  the 
various  phenomena  that  occurred  during  its  continuance.  An  ascent 
of  the  volcano  was  made  by  Mr.  Black  a  few  days  after  the  eruption, 
and  the  form  and  condition  of  the  crater  observed.  The  principal 
feature  of  this  eruption  was  the  formation  of  a  rent  down  the  north 
side  of  the  cone,  and  extending  800  or  1000  yards  into  the  Atrio  del 


384  Carrefpondenee. 

Cavallo.  The  lava  issuing  copiously  from  this  enonnooB  fisson 
flowed  through  the  Fosso  de  la  Vetrana,  between  the  extremity  of 
Monte  Somma  and  the  Observatory,  into  the  coltivated  country,  and 
partly  destroyed  the  villages  of  Massa  di  Somma  and  San  Sebastisna 
The  author  had  succeeded  in  photographing  in  a  most  admirable 
manner  various  parts  of  the  mountain  after  the  eruption,  includ- 
ing the  crater  itself ;  and  the  large  series  of  views  so  taken  were 
e:diibited  at  the  Meeting. 


ON   BLOCKY   BOCK   SUBFACES. 

Sib, — While  very  much  interested  in  Mr.  Poulett  Scrope's  article  in 
your  last  Number  "  On  Blocky  Eock  Surfaces,"  I  feel  bound  to  state 
that  the  explanation  there  given  of  the  blacky  structure  cannot  apply 
to  Scawfell,  since  the  mountain  is  made  up  of  bedded  and  altered  ash, 
and  certainly  is  not  in  any  sense  "the  upper  portion  of  a  protruded 
mass  which  reached  its  present  position  in  a  state  of  igueo-aqueons 
liquefaction." 

Ileswick,  July  9th.  J.  GuFTON  WaBJ). 


PALAEOZOIC  ECfllNODERMS  WITH  0\TERLAPPING  PLATES. 

Sir, — In  the  July  Number  of  the  Geological  Magazine,  Mr.  J. 
YouDg  pointed  out  the  resemblance  between  the  plates  of  the  Car- 
boniferous <^enu8  Archceocidaris,  McCo^>,  and  the  new  Calceria  hystriz, 
W.  Thomson.  Mr.  Young  further  made  some  interesting  remarks 
on  the  Carboniferous  fossil. 

In  addition  to  ArchceocidariSy  another  Palaeozoic  genus  of  Echino- 
dennata  possesses  imbricating  plates  in  its  test.  I  refer  to  the  genus 
Lepidccliinns,  Hall.  In  this  the  anibulacnd  plates  imbricate  from 
below  upwards,  those  of  the  inter-ambulacral  area  from  above  down- 
wards (Hall,  Descr.  New  Sp.  Crinoidea,  Prelim.  Notice.  Albany, 
p.  18).  I*rof.  Hall  placed  Lcpidechinus  as  a  subgenus  of  Arclicto- 
cidaris,  a  reference  which  Mr.  Young's  observations  would  go  some 
way  to  bear  out.  On  the  other  hand,  Messrs.  Meek  and  Worthen 
have  observed  that  only  the  marginal  inter-ambulacral  plates  of  the 
lower  side  of  the  test  of  Lepidcchinns  Ciirry  piimary  tubercles 
(Pal.  111.,  vol,  2,  p.  295),  as  do  the  same  i)hite8  in  FerischodomuSf 
McCoy.  Could  it  be  shown  that  the  latter  also  had  imbricating 
plates,  there  would  bo  grounds  for  the  supposition  that  the  two 
genera  were  indeed  very  closely  related.  Lepidcchinus  occurs  iu  the 
Burlington  Group  (Carboniferous). 

Edimbukuu,  July  9th,  1873.  B.  EthebidgE,  JuN. 
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I.-«HlSTOBT  OF  THI  NaMES  OaMBBIAN  AUD  SiLURIAN  IN  QeOLOQT.^ 

By  Prof.  T.  Stbb&t  Hunt,  LL.D.,  F.R.S. 

IT  is  proposed  in  the  following  pages  to  give  a  ooncise  account  of 
.  the  progress  of  investigation  of  the  lower  Palaoozoic  rocks  during 
^^  last  forty,  year^..  The  subject  may  naturally  be  divided  into 
^^^ree  parts :  1.  The  history  of  Silurian  and  Upper  Cambrian  in 
^reat  Britain  from  1881  to  18^4: ;  2.  That  of  the  still  more  ancient 
^alsBOzoic  rooks  in  Scandinavia,  Bohemia,  and  Great  Britain  up  to 
^lie  present  time,^  including  the  recognition  by  Barrande  of  the  so- 
iled primordial  PalaBozoic  fauna;  3.  The  history  of  the  lower 
<^aU9on>ic  rocks  of  North  America. 

1.  Silurian  and  Upper  Cavgibrian  in  Oreat  Britain. — ^Less  than  forty 
^ears  since,  the  various  unorystalline  sedimentary  rooks  beneath  the 
t^oal-formation  in  Great  Britain  and  in  Continental  Europe  were 
cdsAsed  together  under  the  common  name  of  graywacke  or  grau- 
^^vacke,  a  term  adopted  by  geologists  from  German  miners,  and 
ori^nally  applied  to  sandstones  and  other  coarse  sedimentary  de- 
positSy   but  extended  so    as  to    include  associated  argillites  and 
liinestones.     Some  progress  had  been  made  in  the  study  of  this 
great  Graywacke  formation,  as  it  was  called,  and  organic  remains 
had  been  described  from  various  parts  of  it;   but  to  two  British 
Mologists  was  reserved  the  honour  of  bringing  order  out  of  this 
hitherto  confused  group  of  strata,  and  establishing  on  stratigraphical 
and  paheontological  grounds  a  succession  and  a  geological  nomen- 
clature.    The  work  of  these  two  investigators  was  begun  inde- 
peadently  and  simultaneously  in  different  parts  of  Great  Britain. 
In  1831  and  1832  Sedgwick  made  a  careful  section  of  the  rocks  of 
North  Wales  from  the  Menai  Strait  across  the  range  of  Snowdon 
to  the  Berwyn  hills,  thus  traversing  in  a  south-eastern  direction 
Caernarvon,  Denbigh,  and  Merionethshire.     Already,  he  tells  us,  he 

Sd,  in  1831,  made  out  the  relations  of  the  Bangor  group  (including 
e  Llanberris  slates  and  the  overlying  Harlech  grits),  and  showed 
that  the  fossiliferous  strata  of  Snowdon  occupy  a  synclinal,  and  are 
stratigraphically  several  thousand  feet  above  the  horizon  of  the 
latter.  Following  up  this  investigation  in  1832,  he  established  the 
great  Merioneth  anticlinal,  which  brings  up  the  lower  rocks  on  the 
south-east  side  of  Snowdon,  and  is  the  key  to  the  structure  of  North 
Wales.  From  these,  as  a  base,  he  constructed  a  section  along  the 
line  already  indicated,  over  Great  Arenig  to  the  Bala  limestone,  the 
whole  forming  an  ascending  series  of  enormous  thickness.     This 

1  Beprinted  from  the  "Canadian  Natoralist,"  new  series,  yoI.  vi.  no.  3,  p.  281. 
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limestone  in  the  Berwyn  hills  is  OYerlaid  hy  many  thoasand  feet  of 
strata  as  we  proceed  eastward  along  the  line  of  section,  antQ  at 
length  the  eastern  dip  of  the  strata  is  exchanged  for  a  westwud 
one,  thus  giving  to  the  Berwyn  chain,  like  that  of  Snowdon,  a 
synclinal  structure.  As  a  consequence  of  this,  the  limestone  of 
Bala  re-appears  on  the  eastern  side  of  the  Berwyns,  underlaid  ai 
before  by  a  descending  series  of  slates  and  porphyries.  These 
results,  with  sections,  were  brought  before  the  British  Association 
for  the  Advancement  of  Science  at  its  Meeting  at  Oxford  in  1882; 
but  only  a  brief  and  imperfect  account  of  the  communication  of 
Sedgwick  on  this  occasion  appears  in  the  Proceedings  of  the  Associa- 
tion.  He  did  not  at  this  time  give  any  distinctive  name  to  the  seziei 
of  rocks  in  question.  (L.  E.  and  D.  Philos.  Mag.,  1854,  iv.,  voL 
viii.  p.  495.) 

Metin  while,  in  the  same  year,  1831,  Murchison  began  the  exami- 
nation of  the  rocks  on  the  river  Wye,  along  the  southern  border  of 
Badnorshire.  In  the  next  four  years  he  extended  his  researches 
through  this  and  the  adjoining  counties  of  Hereford  and  Salop, 
distinguishing  in  this  region  four  separate  geological  formations, 
each  characterized  by  peculiar  fossils.  These  formations  wen 
moreover  traced  by  him  to  the  south-westward  across  the  coootiea 
of  Brecon  and  Caermarthen ;  thus  forming  a  belt  of  fossiliferona 
rocks  stretching  from  near  Shrewsbury  to  the  mouth  of  the  river 
Towey,  a  distance  of  about  100  miles  along  the  north-west  border 
of  the  great  Old  Red  Sandstone  formation,  as  it  was  then  called,  of 
the  west  of  England. 

The  results  of  his  labours  among  the  rocks  of  this  region  for  the 
first  three  years  were  set  forth  by  Murchison  in  two  papers  pre- 
sented by  liini  to  the  Geological  Society  of  London  in  January,  1834. 
(Proc.  Geol.  Soc,  vol.  ii.  p.  11.)  The  formations  were  then  named 
as  follows  in  descending  order:  1.  Ludlow;  2.  Wenlock,  consti- 
tuting together  an  upper  group  ;  3.  Caradoc ;  4.  Llandeilo  (or 
Builth),  forming  a  lower  group.  The  Llandeilo  formation,  according 
to  him,  was  underlaid  by  what  he  called  the  Longmynd  and  Gwas- 
taclen  rooks.  Tlie  non-fossiliferous  strata  of  the  Longmynd  hills  in 
Shropshire  were  described  as  rising  up  to  the  east  from  beneath  the 
Llandeilo  rocks;  and  as  appearing  again  in  South  Wales,  at  the 
same  geological  horizon,  at  Gwastaden  in  Breconshire,  and  to  the 
west  of  Llandovery  in  Caermarthenshire ;  constituting  an  under- 
lying series  of  contorted  slaty  rocks  many  thousand  feet  in  thickness, 
and  destitute  of  organic  remains.  Tlie  position  of  these  rocks  in 
South  Wales  was,  however,  to  the  north-west,  while  the  strata  of 
the  Longmynd,  as  we  have  seen,  appear  to  the  east  of  the  fossiliferoos 
formations. 

In  the  Philosophical  Magazine  for  July,  1835,  Murchison  gave  to 
the  four  formations  above  named  the  designation  of  Silunan,  in 
allusion,  as  is  well  known,  to  the  ancient  British  tribe  of  the  Siluies. 
It  now  became  desirable  to  find  a  suitable  name  for  the  great  inferior 
series,  which,  according  to  Murchison,  rose  from  beneath  his  lowest 
Silurian  formations  to  the  north-west,  and  appeared  to  be  widely 
spread  in  Wales.    Knowing  that  Sedgwick  had  long  been  engaged 
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in  the  study  of  these  rocks,  Murohison,  as  he  tells  us,  urged  him  to 
give  them  a  British  geographical  name.  Sedgwick  accordingly  pro- 
posed for  this  g^reat  series  of  Welsh  rocks  the  appropriate  design 
nation  of  Cambrian,  whidi  was  at  once  adopted  by  Murchison  for 
the  strata  supposed  by  him  to  underlie  his  Silurian  system.  (Mur- 
chison, AnniT.  Address,  1842 ;  Proc.  Geol.  See.,  voL  iiL  p.  641  ) 
This  was  almost  simultaneous  with  the  giving  of  the  name  of 
Silurian,  for  in  August,  1835,  Sedgwick  and  Murchison  made  ^com- 
munications to  the  British  Association  at  Dublin  on  Cambrian  and 
Silurian  Rocks.  These,  in  the  volume  of  Proceedings  (pp.  59,  60), 
appear  as  a  joint  paper,  though  from  the  text  they  would  seem  to  have 
been  separate.  Sedgwick  then  described  the  Cambrian  rocks  of  North 
Wales  as  including  three  divisions :  1.  The  Upper  Cambrian,  which 
oocupies  the  greater  part  of  the  chain  of  the  Berwyns,  where,  ac- 
cording to  him,  it  was  connected  with  the  Llandeilo  formation 
of  the  Silurian.  To  the  next  lower  division  Sedgwick  gave  the 
name  of  Middle  Cambrian,  making  up  all  the  higher  mountains  of 
Caernarvon  and  Merionethshire,  and  including  the  roofing-slates  and 
flagstones  of  this  region.  This  middle  gi'oup>  according  to  him, 
afforded  a  few  organic  remains,  as  at  the  top  of  Snowdon.  The 
inferior  division,  designated  as  Lower  Cambrian,  included  the  crystal- 
line rocks  of  the  south-west  coast  of  Caernarvon  and  a  considerable 
portion  of  Anglesea,  and  consisted  of  chloritic  and  micaceous  schista, 
with  slaty  quartzites  and  subordinate  beds  of  serpentine  and  granular 
limestone ;  the  whole  without  organic  remains. 

These  crystalline  rocks  were,  however,  soon  afterwards  excluded 
by  him  from  the  Cambrian  series,  for  in  1838  (Proc.  Geol.  Soc, 
vol.  ii.  p.  679)  Sedgwick  describes  further  the  section  from  the  Mcnai 
Strait  to  the  Berwyns,  and  assigns  to  the  cliloritic  and  micaceous 
Bohists  of  Anglesea  and  Caernarvon  a  position  inferior  to  the 
Cambrian,  which  he  divides  into  two  parts,  viz.  Lower  Cambrian, 
comprehending  the  old  slate  series,  up  to  the  Bala  limestone  beds ; 
and  Upper  Cambrian,  including  the  Bala  beds,  and  the  strata  above 
them  in  the  Berwyn  chain,  to  which  ho  gave  the  name  of  the  Bala 
group.  The  dividing  line  between  the  two  portions  was  subse- 
quently extended  downwards  by  Sedgwick  to  the  summit  of  the 
Arenig  slates  and  porphyries.  The  lower  division  was  afterwards 
subdivided  by  him  into  the  Bangor  group  (to  which  the  name  of 
Lower  Cambrian  was  henceforth  to  be  restricted),  including  the 
Llanberris  roofing-slates  and  the  Harlech  grits  or  Barmouth  sand- 
stones ;  and  the  Ffestiniog  group,  which  included  the  Lingula-flags 
and  the  succeeding  Tremadoc  slates. 

In  the  communication  of  Murchison  to  the  same  Dublin  meeting, 
in  August,  1835,  he  repeated  the  description  of  the  four  formations 
to  which  he  had  just  given  the  name  of  Silurian;  which  were,  in  de- 
scending order,  Ludlow  and  Wenlock  (Upper  Silurian),  and  Caradoo 
and  Llandeilo  (Lower  Silurian).  The  latter  formation  was  then 
declared  by  Murchison  to  constitute  the  base  of  the  Silurian  system, 
and  to  pfier  in  many  places  in  South  Wales  distinct  passages  to  the 
underlying  slaty  rocks,  which  were,  according  to  him,  the  Upper 
Cambrian  of  Sedgwick. 


388        'Prof.  T.  Sterry  Hunt— On  Cambrian  and  SUurian, 

Meanwhile,  to  go  back  to  1834,  we  find  that  after  Mnrchiscm  bad, 
in  bis  communication  to  the  Greologioal  Society,  defined  the  lelatioiL 
of  his  Llandeilo  formation  to  the  underlying  slaty  series,  but  befon 
tbo  names  of  Silurian  and  Cambrian  bad  been  given  to  these  re- 
spectively, Sedgwick  and  Murcbison  visited  together  the  prindpil 
sections  of  these  rocks  from   Caermartbenshire  to   Denbigbshoe. 
Tlio  greater  part  of  this  region  was  then  unknown  to  Sedgwick, 
but  had  been  already  studied  by  Murcbison,  who  interpreted  the 
sections  to  his  companion  in  oonformity  with  the  scheme  already 
given  ;  according  to  which  the  beds  of  the  Llandeilo  were  underlaid 
by  tho  slaty  rocks  which  appear  along  their  north-western  border. 
When,  however,  they  entered  the  region  which  had  already  been 
examined  by  Sedgwick,  and  reached  the  section  on  the  east  side  of 
tho  Bcrwyns,  tlio  fossiliferous  beds  of  Meifod  were  at  onoe  pro- 
nounced by  Murcbison  to  be  typical  Caradoo,  while  others  in  the 
vicinity  were  regarded  as  Llandeilo.     The  beds  of  Meifod   had,  oa 
paheontological  grounds,  been  by  Sedgwick  identified  with  those  of 
Glyn  Ceirog,  which  are  seen  to  bo  immediately  overlaid  by  Wenlook 
rocks.     These  determinations  of  Murchison  were,  as  Sedgwick  tellf 
us,  accepted  by  him  with  great  reluctance,  inasmuch  as  they  in- 
volved the  upper  part  of  his  Cambrian  section  in  most  perplexing 
diffie III  tics.   \Vlien,  however,  they  crossed  together  the  Berwyn  chain 
to  Bala,  the  limestones  in  this  locality  were  found  to  contain  foflsila 
nearly  agreeing  with  those  of  the  so-called  Caradoo  of  Meifod.    Tha 
examination  of  the  section  here  presented  showed,  however,  thnt 
these  limestones  are  overlaid  by  a  series  of  several  thousand  feet  of 
strata  bearing  no  resemblance  either  in  fossils  or  in  physical  character 
to  tlu^  Wcnlock  formation  which  overlies  tho  Caradoo  beds  of  Glyn 
Cciro;^.     This  scries  was,  therefore,  by  Murchison  supposed  to  bo 
identical  with  the  rocks  which  in  South  Wales  he  had  placed  be- 
neath the  Llandeilo,  and  he  expressly  declared  that  the  Bala  group 
could  not  be  brought  within  tho  limits  of  his  Silurian  system.    It 
may  liere  be  added  that  in  1842  Sedgwick  re-examined  this  region, 
accoinjianied  by  that  skilled  palaeontologist,  Salter,  confinning  the 
accuracy  of  his  foimer  sections,  and  showing  moreover,  by  the  evi- 
deiHx*  of  fossils,  that  the  beds  of  Meifod,  Glyn  Ceirog  and  Bala  are 
very  nearly  on  one  parallel.     Yet,  with  the  evidence  of  rhe  fosaib 
before  him,  Murchison,  in  1834:,  placed  the  first  two  in  his  Silurian 
syste'ii.  and  the  last  deep  down  in  the  Upper  Cambrian  ;  and  conse- 
quently was  aware  that  on  pala^ontologicid  grounds  it  was  im|X)ssibIo 
to  s«'p:ir  ite  the  lower  portion  of  his  Sihirian  system  from  the  Upper 
Cainl)riiii  of  Sedgwick.    (These  names  are  here  used  for  ocmvenience, 
altli()ii;::h  wo  are  speaking  of  a  time  when  they  had  not  been  applied 
to  <l<*si^nate  the  rocks  in  question.) 

This  I'act  was  rei)eate<lly  insiste^l  upon  by  Sedgwick,  who,  in  the 
Syllabus  of  his  Cambridge  lectures,  published  very  early  in  1837, 
cnnnnrated  the  principal  genera  ancl  species  of  Upper  Cambrian 
fossils,  many  of  which  were  by  him  dechired  to  be  the  same  with 
those  of  the  Lower  Silurian  rocks  of  Mui-chison.  Again,  in  enume- 
niHng  in  the  same  Syllabus  the  charaeteristic  species  of  the  Balft 
limoetone,  it  is  added  by  ^vigw\c\L  *.  ''  oM  oil  NvViv^k  are  oommon  to 
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the  Lower  Silurian  system."  '  This  was  again  insisted  upon  by  him 
in  1838  and  1841.  (Proc.  Geol.  Soc.  vol.  ii.  p.  679 ;  vol.  iii.  p.  548.) 
It  was  not  until  1840  that  Bowman  announced  the  same  conclusion, 
which  was  reiterated  by  Sharpe  in  1842.  (Bamsay,  Mem.  GcoL 
Sarv.  ToL  iii.  part  2,  p.  6w) 

In  1839  Murchison  published  his  Silurian  Systeniy  dedicated  to 
Sedgwic^,^-a  magnificent  work  in  two  volumes  quarto,,  with  a 
separate  map,  numerous  sections  and  figures  of  fossils.  The  succes- 
sion of  the  Silurian  rocks,  as  there  given,  was  precisely  that  already 
set  forth  by  the  author  in  1834,  and  again  in  1835 ;  being,  in  de- 
scending order,  Ludlow  and  Wenlock,  constituting  the  Upper 
Silnrian,  and  Carodoc  and  Llandeilo  (including  the  Lower  Llandeilo 
beds  or  Stiper-stones),  the  Lower  Silurian.  These  are  underlaid  by 
the  Cambrian  rocks,  into  which  the  Llandeilo  was  said  to  offer  a 
transition  marked  by  beds  of  passage.  Murchison,  in  fact,  declared 
that  it  was  impossible  to  draw  any  line  of  separation  either  litlio- 
bgical,  zoological,  or  stratigraphical  between  the  base  of  .the  Silurian 
beds  (Llandeilo)  and  the  upper  portion  of  the  Cambrian, — the  whole 
forming,  according  to  him,  in  Caermarthenshire,  one  continuous  and 
conformable  series  from  the  Cambrian  to  the  Ludlow.  (Siluiian 
System,  pages  256,  358.)  By  Cambrian  in  this  connexion  wo  are 
to  understand  only  the  IJpper  Cambrian  or  Bala  group  of  Sedgwick, 
as  appears  from  the  express  statement  of  Murchison,  who  alludes  to 
the  Cambrian  of  Sedgwick  as  including  all  the  older  slaty  rocks  of 
Wales,  and  as  divided  into  three  groups,  but  proceeds  to  say  that  in 
his  present  work  (the  Silurian  System)  he  shall  notice  only  the 
highest  of  these  three. 

Since  January,  1834,  when  Murchison  first  announced  the  strati- 
graphical  relations  of  the  lower  division  of  what  he  afterwards  called 
the  Silurian  system,  the  aspect  of  the  case  Iiad  materially  changed. 
This  division  was  no  longer  underlaid,  both  to  the  cast  in  Shropsiiiro 
and  to  the  west  in  Wales,  by  a  great  unfossilifcrous  series.  Ilis 
observations  in  the  vicinity  of  the  Berwyn  hills  with  Sedgwick  in 
1834,  and  the  subsequently  published  statements  of  the  latter,  had 
shown  that  this  supposed  older  series  was  not  without  fossils ;  but 
on  the  contrary,  in  North  Wales  at  least,  held  a  fauna  identical  with 
that  characterizing  the  Lower  Silurian.  Hence  the  assertion  of 
Murchison,  in  his  Silurian  System,  in  1839,  that  it  was  not  possible  to 
draw  any  line  of  demarcation  between  them.  The  position  was  very 
embarrassing  to  the  author  of  the  Silurian  System,  and,  for  the 
moment,  not  less  so  to  the  discoverer  of  the  Upi)er  Cambrian  series. 
Meanwhile,  the  latter,  as  we  have  seen  in  1842,  re-examined  with 
Salter  his  Upper  Cambrian  sections  in  North  Wales,  and  satisfied 
himself  of  the  correctness,  both  structurally  and  pahcontologically, 
of  his  foimer  determinations.  Murchison,  in  his  anniversary  address 
as  President  of  the  Geological  Society  in  1842,  after  recounting,  as 
we  have  already  done,  the  history  of  the  naming  by  Sedgwick  in 
1835  of  the  Cambrian  series,  which  Murchison  supposed  to  underlie 
his  Silurian  system,  proceeded  as  follows :  "  Nothing  precise  was 
then  known  of  the  organic  contents  of  this  lower  or  Cambrian 
system  except  that  some  of  the  fossils  contamel  m\l&  w^^^o^iTa^Ts^^^^c^ 
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in  certain  prominent  localities  were  pnblished  Lower  SiloriuL 
8})ecie8.  Meanwhile,  by  adopting  the  word  Cambrian,  my  friend  and 
myself  were  certain  that  wluttever  might  prove  to  be  its  soologinl 
distinctions,  this  great  system  of  slaty  rocks  being  evidently  inferior 
to  those  zones  which  had  been  worked  out  as  Siinrian  types,  no 

ambiguity  could  hereafter  arise In  regard,  however,  to  a 

descending  zoological  order,  it  still  remained  to  be  proved  whether 
there  was  any  type  of  fossils  in  the  mass  of  the  Cambrian  rocks 
dififerent  from  those  of  the  Lower  Silurian  series.  If  the  appeal  to 
nature  should  be  answered  in  the  negative,  then  it  was  clear  that  the 
Lower  Silurian  type  must  be  considered  the  true  base  of  what  I  had 
named  the  Protozoic  rocks ;  but  if  characteristic  new  forms  were 
discovered,  then  would  the  Cambrian  rocks,  whose  place  was  so  well 
established  in  the  descending  series,  have  also  their  own  fauna,  and 
the  Palssozoic  base  would  necessarily  be  removed  to  a  lower  horizon.** 
If  the  first  of  these  alternatives  should  be  established,  or,  in  other 
words,  if  the  fauna  of  the  Cambrian  rocks  was  found  to  be  identioal 
with  that  of  the  Lower  Silurian,  then,  in  the  author's  langnager 
"  the  term  Cambrian  must  cease  to  be  used  in  zoological  claMificft- 
tton,  it  being,  in  that  sense,  synonymous  with  Lower  Silorian." 
That  such  was  the  result  of  PalsBontological  inquiry,  Murohison  pro- 
ceeded to  show  by  repeating  the  announcements  already  made  hj 
Sedgwick  in  1837  and  1838,  that  the  collections  made  by  the  latter 
from  the  great  series  of  fossiliferous  strata  in  the  Berwyns,  from 
Bala,  from  Snowdon  and  other  Cambrian  tracts,  were  identical  with 
the  Lower  Silurian  forms.  These  strata,  it  was  said,  contain 
throughout  **tho  same  forms  of  Or//««  which  typify  the  Lower  Silurian 
rocks."  It  was  farther  declared  by  Murchison  in  this  address,  that 
researches  in  G-ermany,  Belgium,  and  Russia  led  to  the  conclusion 
that  the  "  fossiliferous  strata  characterized  by  Lower  Silurian  Orthida 
arc  the  oldest  beds  in  which  organic  life  has  been  detected."  (Proc. 
Geol.  See,  vDl.  iii.  p.  641,  et  seq.)  The  Orthids  here  referred  to  are. 
according  to  Salter,  Orthis  calligramma,  Dalm,  and  its  varieties. 
(Mem.  Geol.  Survey,  vol.  iii.  part  2,  pp.  335 — 337.) 

Meanwhile  Sodgwick's  views  and  position  began  to  be  misrepre- 
eonted.  In  1842  Mr.  Sharpe,  after  calling  attention  to  the  fact  that 
tlie  fossils  of  the  Bala  limestone  were,  as  Sedgwick  had  long  before 
shown,  identical  with  those  of  Murchison*s  Lower  Silurian,  declared 
that  Sedgwick  had  placed  the  Upi)er  Cambrian,  in  which  the  Bala 
beds  were  included,  beneath  the  Silurian,  and  that  this  determination 
had  been  adopted  by  Murchison  on  Sedgwick's  authority.  (Proc 
Geol.  Soc.  vol.  iv.  p.  10.)  This  statement  Murchison  sufifercd  to  pass  un- 
C(3rrected  in  a  complimentiiry  review  of  Sharpens  paper  in  his  next 
annual  address  (1843).  In  his  Silurian  1st  edition,  page  25  (1854)i 
ho  speaks  of  the  term  Cambrian  as  applied  (in  1835)  by  Sedgwick 
and  himself  "  to  a  vast  succession  of  fossiliferous  strata  containing 
undescribed  fossils,  the  whole  of  which  were  supposed  to  rise  up 
from  beneath  well-known  Silurian  rocks.  The  Government  geolo- 
gists have  shown  that  this  supposed  order  of  superposition  wM 
erroneous,"  etc.  The  italics  are  the  author's.  Such  languagOt 
coupled  with  Mr.  Sharpe*  a  a.Ba^i\.\oiQ.  no^Vs^vi  ^bove^  helped  to  ^ 
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ipon  Sedgwick  tlie  responsibility  of  Murchison's  error.  Although 
he  historical  sketch,  which  precedes,  clearly  shows  the  real  position 
»f  Sedgwick  in  the  matter,  we  may  quote  farther  his  own  words : 
*  I  have  often  spoken  of  the  great  Upper  Cambrian  group  of  Nprth 
^ales  as  inferior  to  the  Silurian  system,  ....  on  the  sole  authority 
»f  the  Lower  Silurian  sections,  and  the  author's  many  times  repeated 
explanations  of  them  before  they  were  published.  So  great  was  my 
onfidence  in  his  work  that  I  received  it  as  perfectly  established 
rath  that  hisorderof  superposition  was  imassailable. ...  I  asserted 
igain  and  again  that  the  Bal^  limestone  was  near  the  base  of  the  so- 
sailed  Upper  Cambrian  group.  Murchison  asserted  and  illustrated 
>y  sections  the  unvarying  fact  that  his  Llandeilo  flag  was  superior 
o  the  Upper  Cambrian  group.  There  was  no  difference  between 
18  until  his  Llandeilo  sections  were  proved  to  be  wrong."  (Philos* 
kiag.,  IV.,  vol.  viii.  p.  506.)  That  there  must  be  a  great  mistake  either 
n  Sedgwick's  or  in  Murchison's  sections  was  evident,  and  the  Gt>vem- 
nent  surveyors,  while  sustaining  the  correctness  of  those  of 
Sedgwick,  have  shown  the  sections  of  Murchison  to  have  been  com- 
>letely  erroneous. 

The  first  step  towards  an  exposure  of  the  errors  of  the  Silurian 
lections  is,  however,  due  to  Sedgwick  and  McCoy.  In  order  better  to 
mderstand  the  present  aspect  of  the  question,  it  will  be  necessary  to 
(tate  in  a  few  words  some  of  the  results  which  have  been  arrived  at 
>y  the  Gk)vemment  surveyors  in  their  studies  of  the  rocks  in  ques- 
ion,  as  set  forth  by  Bamsay  in  the  Memoirs  of  the  Geological  Survey. 
[n  tiie  section  of  the  Berwyns,  the  thin  bed  of  about  twenty  feet  of 
Sala  limestone  which  (as  originally  described  by  Sedgwick)  they 
lave  found  outcropping  on  both  sides  of  the  synclinal  chain,  is 
ihown  to  be  intercalated  in  a  vast  thickness  of  Caradoc  rocks; 
)eing  overlaid  by  about  3,300  and  underlaid  by  4,500  feet  of  strata 
belonging  to  this  formation.  Beneath  these  are  4,500  feet  additional 
)f  beds  described  as  Llandeilo,  which  rests  unconformably  upon  the 
Liingula-flags  just  to  the  west  of  Bala ;  thus  making  a  thickness  of 
>ver  12,000  feet  of  strata  belonging  to  the  Bala  group  of  Sedgwick. 
^  small  portion  of  rocks  referred  to  the  Wenlock  formation  occupies 
he  synclinal  above  mentioned.  (Memoirs,  vol.  iii.  part  2,  pp.  214, 222.) 
rhe  second  member,  in  ascending  order,  of  the  Silurian  system,  to 
vhich  the  name  of  Caradoc  was  given  by  him  in  1839,  was  originally  . 
lescribed  by  Murchison  under  the  names  of  the  Horderley  and  May 
lill  sandstone.  The  higher  portions  of  the  Caradoc  were  subse- 
[uently  distinguished  by  the  Government  surveyors  as  the  Lower 
ind  Upper  Llandovery  rocks  ;  the  latter  (constituting  the  May  Hill 
landstone,  and  known  also  as  the  Fentamerm-hedB)  being  by  them 
-egarded  as  the  summit  of  the  Caradoc  formation.  In  1852,  however, 
>edgwick  and  McCoy  showed  from  its  fauna  that  the  May  Hill  sand- 
itone  belongs  rather  to  the  overlying  Wenlock  than  to  the  Caradoc 
brmation,  and  marks  a  distinct  palseontological  horizon. 

This  discovery  led  the  geological  surveyors  to  re-examine  the 
)ilurian  sections,  when  it  was  found  by  Aveline  that  there  exists  in 
Shropshire  a  complete  and  visible  want  of  conformity  between  the 
inderlying  formations  and  the  May  Hill  sanAaloiiQ  \  *^s^  \a.\Xfiii  ^sv 
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some  places  resting  upon  the  nearly  yeitioal  Longmynd  lOckBy  tad 
in  others  upon  the  Llandeilo-flags,  the  Caradoo  proper  or  Bala  groap, 
and  the  Lower  Llandovery  beds.  Again,  in  South  Wales,  nev 
Builth,  the  May  Hill  sandstone  or  Upper  Llandovery  rests  npoQ 
Lower  Llandeilo  beds ;  while  at  Noeth  Grrog  the  overlyiiig  formali(m 
is  traced  transgressively  from  the  Lower  Llandovery  across  the 
Caradoc  to  the  Llandeilo.  These  important  results  were  soon  oonfirmed 
by  Ramsay  and  by  Sedgwick.  (Ibid.  vol.  iv.  p.  236.)  The  May  HOI 
sandstone  often  includes,  near  its  base,  conglomerate  beds  made  up 
of  the  ruins  of  the  older  formation.  To  the  north-east,  in  the  tjpcd 
Silurian  country,  it  is  of  great  thickness  and  oontinnity,  bat  gradually 
thins  out  to  the  south-west 

There  exists,  moreover,  another  region  where  not  less  curioai 
discoveries  were  made.  About  forty  miles  to  the  eastward  of  the 
typical  region  in  South  Wales  appear  some  important  areas  of 
Silurian  rocks.  These  are  the  Woolhope  beds,  appearing  throngh 
the  Old  Bed  Sandstone,  and  the  deposits  of  Abberley,  the  MalTem 
and  May  Hill,  rising  along  its  eastern  border,  and  covered  aloD^ 
their  eastern  base  by  the  newer  Mesozoic  sandstone.  The  rodcs  of 
these  localities  were  by  Murchison  in  his  Silwrian  Sifstem  described 
as  offering  the  complete  sequence.  When  however  it  was  found  that 
his  Caradoc  included  two  unconformable  series,  examination  showed 
that  there  was  no  representative  of  the  older  Caradoo  or  Bala  group 
in  these  eastern  regions,  but  that  the  so-called  Caradoo  was  nothing 
but  tho  Upper  Llandovery  or  May  Hill  sandstone.  The  immcdiatdy 
underlying  strata,  which  Murchison  had  regarded  as  Llandeilo,  or 
rather  as  the  beds  of  passage  from  Llandeilo  to  Cambrian,  and  had 
conipnred  with  the  north-west  parts  of  tho  Caermarthonshire  sections 
(Sil.  Sys.  J).  41 G),  have  since  been  found  to  be  much  more  ancient 
deposits,  of  Middle  Carubrian  age,  which  rest  upon  the  crystalline 
hypozoic  rocks  of  the  Malvems,  and  are  unconformably  overlaid  by 
the  May  Hill  sandstone.  We  shall  again  revert  to  this  region, 
which  has  been  carefully  studied  and  described  by  Prof.  John 
Phillips.     (Mem.  Geol.  Surv.,  vol.  ii.  part  1.) 

Wliat  then  was  the  value  and  the  significance  of  the  Silurian  sec- 
tions of  Murchison,  when  examined  in  the  light  of  tho  results  of  the 
Goveninient  surveyors?  The  Llandeilo  rocks,  having  throughoat 
the  characteristic  Orthis  so  much  insisted  upon  by  Murchison,  were 
shown  to  bo  tho  base  of  a  great  conformable  series,  and  to  the  east- 
ward, in  Shropshire,  to  rest  on  tho  upturned  edges  of  tho  Longmynd 
rocks ;  while  westward,  near  Bala,  they  overlio  unconformably  the 
Li ngula- flags,  and  in  the  island  of  Anglesea  repose  directly  upon  the 
ancient  crystalline  schists.  According  to  the  author  of  the  SiluriM 
System,  there  existed  beneath  the  base  of  the  Llandeilo  formation  a 
great  conformable  series  of  slaty  rocks,  into  which  this  formation 
passed,  and  from  which  it  could  not  be  distinguished  either  zoologi- 
cally, stratigraphically,  or  lithologically.  The  sequence,  determined 
from  what  were  considered  typical  sections  in  the  valley  of  the 
Towey  in  Caermarthonshire,  as  given  by  Murchison,  for  several 
years  both  before  and  atlor  tho  publication  of  his  work,  was  as 
followBi  L   Cambrian;  2.  lAasi^Qi\io-^^^\  ^.  Caradoo  sandstone; 
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L  Wenlock  and  Ladlow  beds;  5.  Old  Bed  Sandstone;  the  order 
yeing  from  north-weat  to  south-east  What  then  were  these  fossili- 
ieroQS  Cambrian  beds  underlying  the  LlandeUo  and  indistingoishable 
zom  it  ?  Sedgwick,  with  the  aid  of  the  Government  surveyors,  has 
inswered  the  question  in  a  manner  which  is  well  illustrated  in  his 
ideal  section  across  the  valley  of  the  Towey.  The  whole  of  the 
Bala  or  Caradoc  gfoup  rises  in  undulations  to  the  north-west,  while 
the  Llandeilo-flags  at  its  base  appear  on  an  anticlinal  in  the  valley, 
ind  are  succeeded  to  the  south-east  by  a  portion  of  the  Bala.  The 
great  mass  of  this  group  on  the  south-east  side  of  the  anticlinal  is 
however  concealed  by  the  overlapping  May  Hill  sandstone, — the 
base  of  the  unconformable  upper  series  which  includes  the  Wenlock 
and  Ludlow  beds.  (Philos.  Mag.  iv.,  vol.  viii.  p.  488.)  The 
section  to  the  south-east,  commencing  from  the  Llandeilo-flags  on 
the  anticlinal,  was  made  by  Murchison  the  Silurian  system,  while 
the  great  mass  of  strata  on  the  north-west  side  of  the  Llandeilo 
(which  is  the  complete  representative  of  the  Caradoc  or  Bala  beds, 
partially  concealed  on  the  south-west  side)  was  supposed  by  him  to 
lie  beneath  the  Llandeilo,  and  was  called  Cambrian  (the  Upper 
Cambrian  of  Sedgwick).  These  rocks,  with  the  Llandeilo  at  their 
base,  were  in  fact  identical  with  the  Bala  group  studied  by  the  latter 
En  North  Wales,  and  are  now  clearly  traced  through  all  the  inter- 
mediate distance.  This  is  admitted  by  Murchison,  who  says  :  '*  The 
first  rectification  of  this  erroneous  view  was  made  in  1842,  by  Prof. 
Bamsay,  who  observed  that  instecul  of  being  succeeded  by  lower 
rocks  to  the  north  and  west,  the  Llandeilo-flags  folded  over  in  those 
directions,  and  passed  under  superior  strata,  charged  with  fossils 
which  Mr.  Scdter  recognized  as  well-known  types  of  the  Caradoc  or 
Bala  beds."     (Siluria,  4th  ed.,  p.  57,  foot-note.) 

The  true  order  of  succession  in  South  Wales  was  in  fact :  1, 
Llandeilo;  2,  Cambrian  (» Caradoc  or  Bala);  3,  Wenlock  and 
Ludlow ;  4,  Old  Red  Sandstone ;  the  Caradoc  or  Bala  beds  being 
repeated  on  the  two  sides  of  the  anticlinal,  but  in  great  part  con- 
oealed  on  the  south-east  side  by  the  overlapping  May  Kill  or  Upper 
Llandovery  rocks.  These  latter,  as  has  been  shown,  form  the  true 
base  of  the  upper  series  which,  in  the  Silurian  sections,  was  repre- 
sented by  the  Wenlock  and  Ludlow,  Murchison  had,  by  a  strange 
Dversight,  completely  inverted  the  order  of  his  lower  series,  and 
turiied  the  inferior  members  upside  down.  In  fact,  the  Llandeilo- 
Sags,  instead  of  being,  as  he  had  maintained,  superior  to  the  Cam- 
brian (Caradoc  or  Bala)  beds,  were  really  inferior  to  them,  and 
were  only  made  Silurian  by  a  groat  mistake.  The  Caradoc,  under 
iifferent  names,  was  thus  made  to  do  duty  at  two  horizons  in  the 
Silurian  system,  both  below  and  above  the  Llandeilo-flags.  Nor 
was  this  all,  for  by  another  error,  as  we  have  seen,  the  Caradoc  in 
the  latter  position  was  made  to  include  the  Peniamerus-heds  of  the 
anconformably  overlying  series.  Thus  it  clearly  appears  that  with 
he  exception  of  the  relations  of  the  Wenlock  and  Ludlow  beds  to 
»ch  other  and  to  the  overlying  Old  Red  Sandstone,  which  were  cor- 
rectly determined,  the  Silurian  system  of  Murchison  was  altogether 
Incorrect^  and  was  moreover  based  upon  a  Beiie^  ot  %\x«.Na^v^^^^ 
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mistakes,  which  are  scaroely  paralleled  in  the  hisfoiy  of  geologifiil 


invesaganon. 


It  was  thus  that  the  Lower  SQurian  was  impoaed  on  the  adentilc 
world;  and  we  may  well  ask  with  Sedgwick,  whether  geologiih 
"  would  have  accepted  the  Lower  Silurian  daasificatioii  and  nomen- 
clature had  they  Imown  that  the  physical  or  sectional  evidence  npoi 
which  it  was  based  had  been,  from  the  first,  positively  misimder 
stood"?  Feeling  that  his  own  sections  were,  as  has  since  been  folly 
established,  free  from  error,  Sedgwick  naturally  thought  his  name  d 
Upper  Cambrian  should  prevail  for  the  great  Bala  group.  Hence  tlie 
long  and  embittered  discussion  that  followed,  in  whiw  Muichisoiii 
in  many  respects,  occupied  a  position  of  vantage  as  against  the 
Cambridge  Professor,  and  finally  saw  his  name  of  Lower  Stluiisa 
supplant  almost  entirely  that  of  Upper  Cambrian  given  by  Sedgwick, 
who  had  first  rightly  defined  and  interpreted  the  geolp^cal  lelatiani 
of  the  group. 

In  a  paper  read  before  the  Greological  Society  in  June,  1843  (Proc 
(jeol.  Soc.,  vol.  iv.  pp.  212-223),  when  the  perplexity  in  which  the 
relations  of  the  Upper  Cambrian  and  Lower  Silurian  rocks  wen 
involved  had  not  been  cleared  up  by  the  discovery  of  Murchison'i 
errors  in  stratigraphy,  Sedgwick  proposed  a  compromise,  aoooiding 
to  which  the  strata  from  the  Bala  limestone  to  the  base  of  the 
Wenlock  were  to  take  the  name  of  Cambro-Stlurian ;  while  thai  of 
Silurian  should  be  reserved  for  the  Wenlock  and  Ludlow  beds,  and 
for  those  below  the  Bala  the  name  of  Cambrian  should  be  retained. 
Tlie  Ffestiniog  group  (including  what  were  subsequently  named  the 
Lingula-flap^  and  the  TremadtK.-  slates)  would  thus  be  Upper  instead 
nf  Middle  Cambrian,  the  original  Upper  Cambrian  being  henceforth 
Cambro-Siluriau :  it  being  understood  that,  wherever  the  dividing 
line  mij^lit  bo  d^a^vn,  all  the  groups  above  it  should  be  called 
Cambro-Silurian,  and  all  those  below  it  Cambrian.  Tliis  compromise 
was  rejected  by  Murchison,  who,  in  the  map  accompanying  the  first 
edition  of  his  SUuria.  in  18o4,  extended  the  Lower  Silurian  colour  so 
as  to  include  all  but  the  lowest  division  of  the  Cambrian,  viz.  the 
Bangor  group.  When,  however,  the  relations  of  Upper  Cambriaa 
and  Silurian  were  made  known  by  the  discoveries  of  Sedgwick  and 
the  Government  surveyors,  this  compromise  was  seen  to  be  uncalled 
fi»r,  and  was  withdrawn  in  1854  by  Sedgwick,  who  re-claimed  the 
name  of  Upper  Cambrian  for  his  Bida  group. 

In  June,  1843,  Sedgwick  proposed  that  the  whole  of  the  fossil- 
iferous  rocks  below  the  horizon  of  the  "VN'onlock  should  be  designated 
Protozoic,  and  on  the  29th  of  November,  1843,  presented  to  the 
Geological  Society  an  elaborate  paper  on  the  Older  Palseozoic  (Proto- 
zoic) liocks  of  North  Wales,  with  a  coloured  geological  map.  This 
paper,  which  embodied  the  results  of  the  researches  of  Sedgwick 
and  Salter,  was  not.  however,  published  at  length;  but  an  abstract  of 
it  was  prepared  by  Mr.  Warburtou,  then  President  of  the  Society,  with 
a  reduced  copy  of  the  map.  (Proc.  Geol.  Soc,  vol.  iv.  pp  212,  251- 
208 ;  also  Gcol.  Joum.,  vol.  i.  jjp.  5-22.)  In  this  map  of  Sedgwick's 
throe  divisions  were  established,  viz.,  the  hypozoic  crystalline  schists 
of  Caernarvonshire,  the  "  Protoaoic"  ^lcA  \kft  "  Silurian.'*     On  the 
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egend  of  the  ledaoed  map,  as  published  by  the  (Geological  Society, 
hese  latter  names  were  altered  so  as  to  read  ''  Lower  Silurian  (Pro* 
ozoic)"  and  **  Upper  Silurian.*'  Theae  changes,  in  conformity  with 
he  Bomenelatore  of  Mnrohison,  were,  it  is  unnecessary  to  say,  made 
rithout  the  knowledge  of  Sedgwick,  who  did  not  inspect  the  reduced 
nd  altered  map  until  it  was  appealed  to  as  an  evidence  that  he  had 
bctadoned  his  former  ground,  and  had  recognized  the  equivalency 
f  the  whole  of  his  Cambrian  with  the  Lower  Silurian  of  Murchison. 
The  reader  will  sympathize  with  the  indignation  with  which  Sedg- 
rick  declares  that  his  map  was  ''most  unwarrantably  tampered 
rith,"  and  will,  moreover,  learn  with  surprise,  that  an  inspection  of 
he  proof-sheets  of  Warburton's  abstract  of  Sedgwick's  paper  was 
efused  him,  notwithstanding  his  repeated  solicitations.  The  story 
>f  all  this,  and  finally  of  the  refusal  to  print  in  the  pages  of  the 
Geological  Journal  the  reclamations  of  the  venerable  and  aggrieved 
.uthor,  make  altogether  a  painful  chapter,  which  will  be  found  in 
he  Philos.  Magazine  for  1864  (iv.,  vol.  viii.  pp.  301-817,  359-370, 
jid  483-506),  and  more  fully  in  the  Synopsis  of  British  Palseozoio 
locks,  which  forms  the  introduction  to  McCoy's  British  Palseozoio 
dossils.  (See  also  Preface  to  Salter's  Catalogue,  just  published,  1873.) 
In  connexion  with  this  history,  it  may  be  mentioned  that  in 
liarch,  1845,  Sedgwick  presented  to  the  Geological  Society  a 
laper  on  the  Comparative  Classification  of  the  Fossiliferous 
locks  of  North  Wales  and  those  of  Cumberland,  Westmore- 
and,  and  Lancashire;  which  appears  also  in  abstract  in  the 
ame  volume  of  the  Geological  Journal  that  contains  the  abstract 
>f  the  essay  and  the  map  just  referred  to.  (vol.  i.  p.  442.)  That  this 
abstract  also  is  made  by  another  than  the  author  is  evident  from 
•uch  an  expression  as  *'  the  author's  opinion  seems  to  be  grounded 
m  the  following  facts,"  etc.  (p.  448),  and  from  the  manner  in  which 
he  terms  Lower  and  Upper  Silurian  are  applied  to  certain  fossil- 
ferous  rocks  in  Cumberland.  Yet  the  words  of  this  abstract  are 
[uoted  with  emphasis  in  Siluria  (Ist  ed.,  p.  147)  as  if  they  were 
Sedgwick's  own  language  recognizing  Murchison's  Silurian  nomen- 
tlature. 

(To  be  continued  in  our  next  number,) 


I. — On  thb  Oocubrenck  of  Siliceous  Nodular  Bbown  H^^iatite 

(Gt)THITE),  IN  THE  CARBONIFEROUS  LiMESTONE  BeDS  NEAR  COOKS- 

TOWN,  Co.  Tyrone  ;  and  Note  on  its  Formation  by  Chemical 
Alteration  from  Ordinary  Clay-ironstone.    With  Analysis.^ 

By  Edwabo  T.  Hardman,  F.R. G.S.I. ;  of  the  Geological  Surrey  of  Ireland; 
Associate  of  the  Eoyal  College  of  Science,  Dublin. 

rS  ore  which  is  the  subject  of  this  paper  occurs  in  rather  an 
uncommon  manner;  its  existence,  however,  has  been  known 
or  a  very  considerable  period,  and  it  is  said  to  have  been  worked  at 
east  250  years  ago.  I  believe  it  is  this  that  is  referred  to  in  Dr. 
^oate's quaint  work,  ^'Ireland's  Naturell  History,"*  as  being  found  "by 

*  Read  before  the  Royal  Geological  Society  of  Ireland,  May  14th,  IS73» 
2  Published  in  1652. 
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the  nde  of  fheri^iiletlddiiii,  AotSv  fiom  Loqg^HM^ 

he  eluMM  il  with  the  ocdiiuffy  olaj-iioiietcMifli»  which  ii  Mrtui^f 

does  not  reaomhle  either  in  oompontioii-er  afpeuMnoe*^ 

It  is  foond  at  m  plaoe  oalled  Oo^Biidc^  nen  UMm»iik  flie  towi- 
kndflof  Unagh  eiid  TaUyoall,  about  two  mika  noriii-ipaBfc  of  Obdo^ 
town.  HeiB  there  are  nnmenma  tnoea  of  old  woridngpy  and  in  At 
riYolet  whioh  aeparatea  the  townlandsi  aa  well  aa  in  vaitoaa  qoairiai 
and  rook  ezpoaorea  hard  by,  anffloient  eiidenoe  iato  be  hnd  to  anaUb 
one  to  determine  with  tolerable  eraotneaa  the  poaition  mod  moda  if 
ooonrrenoe  of  this  wmgnlar  depoait  The  aeotion  ahows-a  annonadna 
of  beds  of  ooarae  and  fine^  yellow,  purple^  and  leddiak  aandntwiM 
and  grits, — passing  into  qnartaoae  o(»gl(»ierate» — inftantiatyisd 
with  -varioosly-ookMaed  sandy  and  ola^ej  fiMcraginoQa  ahaHeSi  ad 
sereral  limestones,  maibly  and  dolomitio^  doaely  roaomMing  sobm 
of  the  Armagh  beds.  In  the  shalea  are  hoUow  norass  if 
hnmatite,  acMnetimes  Teiy  sparingly  distribatad*  but  in  at  lesat  oaa 
bed  very  abimdant  Thia  bed,  I  am  informed  by  the  meoL  who  had 
proved  it, — fiir  it  does  not  appear  at  aoiftoe^ — la  4ft  Shu  tfaipk,  Aa 
ahale,  whidi  is  itself  highly  finmiginoos,  .bemg  ormnuned  irilfc 
nodoles,  and  it  has  been  worked  to  aome  little  extant.  Two  jpili 
were  <q>ened  on  it  about  eighteen  months  ago;  bat,  aa  in  all  muM 
of  this  kind,  they  were  foond  di£Boiilt  to  kem  in  order,  and  thenftn 
dangeroos  to  work,  and  the  miners  took  fri^  and  gave  19  Aa 
attempt. 

The  following  is  a  section  of  the  strata  in  whioh  the  ore  lieii 
oompiled  partly  from  information  and  partly  from  my  own  obsem- 
tion,  commenoing  at  the  top  with  the  beds  passed  throng  in  tke 
pits  above  referred  to.     (See  Sketch  Section,  p.  401.) 

SsCnOK  KBAB  COTB  BbIDOS. 

FflefciB. 
II  Drift,  etc,  and  \ 

'  10  Shale  (a  coaple  of  feet  thick)  with  some  luemaitte  >  about    •    65   0 

nodales       -        -        -        -        -        -       •) 

9  Coane  rotten  sandstone     -•••••-SO 

8  Bed  clayey  ferruginous  shale,    fall  of  hematite   nodolflB. )    ^    « 

(Workable  bed.) /   *   * 

7  Whitbh  sandstone,  about  .-•---•20 
6  Hard  reddish  quartsoee  conglomerate  (calcareous)  •  -  1  6 
6  Rotten  yellow  decomposed  dayey  sandrtooe  -  •  •  S  0 
4  Reddish  shale,  with  hsematite  nodules  -  -  -  -  1  0 
3  Tellow  and  brown  sandy  day,  with  occasional  hsmatite  I    a    a 

nodules      -        -        -        -        -       -        -        -        -j 

2  Purple,  grey,  and  marbly  massiye  limestone  -  -  -  8  0 
1  White,   yellow,  and   purple  coarse   grits  and   sandstoaea,^ 

streaked.    Thickness  not  seen       -        -        -        -        -  j 

70  0 

It  is  probable  that  over  these,  other  workable  beds  of  ore  miMt 
exist,  because  the  mass  of  old  workings  are  some  distance  to  the  dip 

Mt  is  also  referred  to  by  Sir  Bachard  Griffith  in  his  Catalog  of  Foaal  lai 
Mining  Localities,  Journ.  GeoL  Soc.  Dublin,  yoL  ix.,  and  its  podtion  marked  on  his 
Map ;  and  it  is  mentioned  in  Portlock's  " Geological  Report  oa  Loadondcaf/'  ate; 
but,  so  far  as  I  am  aware,  has  iiet«i  beea^MiexdM^V&si^ 


i 
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his  place,  and  it  ia  not  at  all  likely  that  the  ancient  miners 
lid  venture  to  a  depth  safficient  to  catoh  the  4 ft.'6  in.  seam  there, 
'he  above  aeotion  is  only  approximately  oorreot,  as  the  jonotion 
ome  of  the  beds  is  not  visible.  The  relative  position  of  the 
ta  can,  however,  be  distinctly  traced,  and  the  interstratification 
he  ore-filled  shales  fully  made  out.  l^ey  do  not,  like  others  of 
kind,  lie  in  veins,  pockets,  or  erosions  in  the  limestone.  In  one 
e,  indeed,  there  is  a  slight  depression  in  the  limestone  under  the 
e,  but  it  is  difficult  to  say  whether  it  is  due  to  erosion  or  to  a 
U  fault 

he  nodules  are  mineralogically  very  peculiar.  They  are  usually 
:he  form  of  a  hollow  shell,  of,  say,  a  quarter  inch  in  thickness, 
greater  part  of  this  is  made  up  of  a  very  hard  compact  siliceous 
WTL  haematite,  of  a  dark  brown  colour,  but  the  interior  is  covered 
i  a  thin  coating  of  fibrous  and  mammillated  limonite  (Fig.  2  h)» 
3n  they  are  found  in  «t<4,  and  perfect,  they  often  contain  a  kind 
udeuB  of  sandy  shale  or  clay.  (See  Woodcut,  p.  401.) 
he  shale  in  which  they  occur  is  generally  ochreous  red,  and  seems 
)e  highly  ferruginous.  Being  apparently  very  aluminous,  as 
I  as  in  parts  calcareous,  it  might  be  advantageously  used  as  a 
for  the  ore  were  it  worked.  In  this  way  the  whole  bed  might 
laps  be  utilized. 

hat  the  ore  is  of  excellent  quality  for  the  smelter  will  be  perceived 
1  the  following  analysis.  The  specimens  used  were  taken  at 
lorn  from  a  large  heap  left  after  the  new  workings  were  dis- 
inned,  and  were  not  the  very  best,^  for  those  had  been  taken 
Y  before,  and  Dr.  Ritchie,  of  Belfast,  informed  me  that  some  he 
estimated  yielded  over  60  per  cent  of  iron. 

Analysis  of  Orb. 
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his  seems  to  give  the  composition  of  Gothite,  FejHjO^,^ — a 
abydrate  which  is  a  usual  form  of  brown  hssmatite, — together  with 
drous  silicate  of  alumina,  such  as  Kaolin,  and  some  free  silica, 
ight  be  nearly  represented  by  the  formula — 

14Fe2H204     +     Al3Si2072H20      +      2SiOa. 
Gotbito.  Kaolin  or  Ciay.  Silica. 

bere  was  a  total  absence  of  sulphur,  and  the  merest  trace  of 
iphoric  acid  could  only  be  detected  by  the  most  delicate  test : 
the  ore  is  extremely  well  suited  for  the  manufacture  of  Bessemer 
.  For  a  brown  haematite  the  per-ceutage  of  iron  is  very  high ; 
from  its  composition  it  seems  to  be  well  adapted  for  admixture 

I  found  even  better  specimens,  in  appearance,  in  the  thin  shale-beds.  , 

Soluble  silica,  together  with  the  insoluble  residue,  containing  a  little  alamioa. 
Manual  of  Greology  (Jukes  ciQd  Gcikie),  p.  63. 
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witb.  olay-ixoDBtoiiea,  or  wifh  the  dmnimwi  on  of  Antrim.    Asl 
its  extent^  it  may  nm  for  a  oomnderaUe  distuoe  to  flie  aoudmifl 
aad  if  the  Uiiokness  and  riohneaa  hold  good,  it  wmj  pnyve  to  htft 
yeiy  "valuable  deposit. 

By  the  kind  permission  of  PnrfL  Galloway  the  analyu  wasssli 
in  the  Laboratory  of  the  Boyal  OoUm  (xf  Saenoeb  DabUtL 

It  appears  to  be  a  oiroomstanoe  of  some  noTol^  to  find  anomrfi 

this  kind  as  a  bed,  or  part  of  a  bed,  in  the  Oarboniforoiis  rrtiniMtnM^. 

and  interstratified  with  the  rooks  of  that  formaticm.    In  tiie  Norikrf 

England,  where  very  extensire  deposits  of  red  and  brown  hmmitii. 

are  worked  in  the  limestone,  their  tme  mode  of  ooouraooe  is  ymf 

doubtful,  and  for  the  most  part  it  is  believed  iiiat  ihef  oifliar  Bsh:- 

oavities  of  erosion  in  the  limestone,  or  in  veins  and  lodes^^    In  At 

Alston  Moor  district,  however,  brown  iron  ore  oooors  MKMuted  wft 

the  beds  of  olay-ironstone  lying'between  the  ''Qr%tX**  and  ''Idtfls" 

Limestones,  but  it  is  oonsider^  to  have  some  retatbrn  to  the  vws 

which  traverse  the  oountzy ;  *  and  althou^  at  Gleator,  in  the  WUli^ 

haven  distriot,  red  hamatite  is  found  apparently  inteibeddsd  wik 

shale  and  conglomerate,  this  seems  to  be  though  by  no  nMM 

proved.*    In  at  least  one  locality  in  England  hasmatite  baa  bsM^ 

found  unmistakably  interbedded  with  the  Carboniforooa  xooka* .  Bi 

position  is  given  in  a  section  of  part  of  the  Old  Bed  Sandatooesai 

Carboniferous  Bocks  of  Lower  rnrlieo.  Forest  of  Dean,  GHonossto 

shire,  in  Sir  Henry  De  la  Beche's  Memoir  on  theFoimationof  Boob 

in  South  Wales  and  South- Western  England.*    The  section  is  oUdlf 

made  up  of  sandstones,  shales,  and  limestones,  like  that  at  Cooks* 

town,  and,  massed  together,  is  as  follows : — 

Fwt. 
Sandstones  and  Shales      ...     • • •••     ..•     .•«    8S 

J^lUlCBvOIlv     •••         •••         •••         •■•         •••         •••         •••         •••         •••         •■•         •••         •••        W 

Limestone  with  intenningled  hiematite,  extensiTely  worked SO 

JLillllCBvvllv    •••         •••         •■■         •«•         •■•         ■••         •••         ■«■         ••>         ••■         •••         ••• 


Sir  H.  De  la  Becfae  considers  the  occurrence  of  the  ore,  in  bedii 
very  unusual  in  the  Carboniferous  Limestone. 

The  above  account,  however,  does  not  state  in  what  form  the 
hsBmatite  is  found,  whether  in  nodules,  or  amoiphous  or  orystallins 
layers,  and  in  fact  in  only  two  instances  can  I  discover  any  definite 
account  of  an  iron  ore  existing  in  any  quantity  in  the  form  under 
notice.  It  appears  that  in  the  Lower  Oreensand  at  Seend,  nesr 
Devizes,  and  also  in  Buckinghamshire,  nodules  of  limonite,  often 
hollow,  and  filled  with  white  sand,  are  found  in  thick  brown  ssnd. 
The  composition  of  that  at  Seend  somewhat  resembles  that  of  the 
Cookstown  ore.* 

A  similar  ore  occurs  associated  with  the  clay-ironstones  of  the 
Dungannon  Coal-field,  and  in  its  analysis  as  given  by  Sir  Bobert 

1  Iron  Ores  of  Great  Britain,  part  i.  p.  14,  W.  W.  Smyth  (Memi.  QeoL  Snrr.ef 
Gt.  Brit.). 

•  Iron  Ores  of  Great  Britain,  part  i.  pp.  14-17. 

»  Op  eit.  pp.  20-23. 

^  Memoirs  Geol.  Sunr.  Great  Britain,  toL  i.  pp.  12S-130. 

>  Bauerman's  Metallurgy  of  Iron,  p.  76.    Contains  Tery  little  almninSy  but 
lilica. 
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Kane,' — who  says  that  it  has  heen  found  in  abundance— the  resem* 
blance  is  veiy  close.  A  specimen  I  picked  up  at  an  old  pit  there 
was  extremely  like  it^  containing  also  a  sandy  nucleus ;  but  after 
many  searches  I  was  unable  to  find  any  others. 

This  brings  us  to  one  of  the  most  interesting  points  about  the  ore, 
namely,  the  mode  of  its  formation.  I  believe  it  may  be  considered 
a  kind  of  pseudomorphic  product,  the  result  of  the  chemical  action 
of  water  carrying  various  substances  in  solution,,  on  nodules  of  clay- 
ironstone,  the  former  occupants  of  these  shale-beds ;  and  in  order  to 
MTive  at  the  present  state  of  the  mineral,  we  must  understand  three 
distinct  processes  to  have  taken  place.  The  clay-ironstone  nodules, 
of  which  numbers  are  found  in  Uie  shales  of  the  Carboniferous  rocks 
of  the  district,  were  first  formed  in  the  usual  way  by  segregation  of 
the  highly  ferruginous  particles  of  the  clays,  etc.,  in  which  they  occur. 
Then,  in  the  course  of  time,  water  passing  through  the  diversely 
constituted  rocks  overhead,  and  therefore  taking  up  alkaline  silicates, 
carbonic  acid,  bicarbonate  or  hydrate  of  lime,  sulphate  of  lime,  and 
of  course  carrying  oxygen,  would  gradually,  by  a  long  series  of 
rather  complex  decompositions,  completely  or  in  part  alter  the  clay- 
ironstone. 

The  carbonate  of  iron  might  undergo  alteration  by  several  re- 
actions, the  simplest  of  which  would  be  by  the  direct  effect  of 
oxygen,  thus : — 

4FeC0j      -f      2HaO    -f      0^      =    '  2FejHj04      -f      400, 
Carbonate  of  Iron.      Water.       Oiygen.         Gothite.     Carbonic  Acid. 

And  the  carbonic  acid  thus  set  free  would  no  doubt  re-act  on  a  portion 
of  the  proto-silicate  of  iron  also  contained  in  clay-ironstone,  pro- 
ducing a  fresh  supply  of  carbonate  of  iron,  to  be  again  decomposed, 
as  in  the  above  equation : — 

Fe"3Si04  -f         2CO2  =         2FeC05        +        SiO,* 

P!roto-silicate  of  Iron.      Carbonic  Acid.       Carbonate  of  Iron.     Silica  (tree). 

By  another  series  of  re-actions  the  clay  or  silicates  of  alumina 
would  be  decomposed,  but  would  be  carried  off  in  solution.  The 
removal  of  these  substances  may  be  accounted  for  in  several  ways. 

(1).  Silicates  of  alumina  are  decomposed  by  sulphate  of  lime, 
forming  sulphate  of  alumina — which  is  soluble — and  sUicate  of  lime :  f 

4(A^|SiaO,2H30)  +  6CaS04  =  2Al2(S04)'  +t  Ca^Al^CSiOO'  -f-  8HjO  +  SiO, 
Kaolin  or  Clay.        Sulphate        Sulphate  A  double  Silicate    Water.      Silica. 

of  Lime,    of  Alumina,    of  Lime  and  Alumina 

on  Garnet  type. 

The  silicate  of  lime  would  then  bo  decomposed  by  carbonic  acid,§ 

^  *'Indufltrial  Resources  of  Ireland,"  p.  129. 

•  See  Bischors  Chem.  Geol.,  vol.  ii.  pp.  59  and  61.  A  similar  re-action  is  given  in 
▼oL  L  p.  2,  solid  silicate  of  lime  in  water  containing  carbonic  acid  gives  carbonate  of 
lime  and  free  silica.    The  equation  is  my  own — 

OajSiOiC?)       +         2CO2  =      .     2CaC03        -f        SiO, 

Silicate  of  Lime.        Carbonic  Acid.        Carbonate  of  Lime.        Silica. 

f  Bischof's  Chem.  Geol.,  vol.  ii.  p.  68. 

{  This  formula  is  merely  intended  to  represent  graphically  what  might  take  place, 
Imt  by  no  means  to  assert  the  constitution  of  the  lM)dy  formed. 

§  Also  by  alkaline  carbonates,  by  which  the  silica  as  well  would  be  removed. 
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carbonate  of  lime  being  formed  as  already  shown  (tee  note  oil), 
and  would  be  carried  o£f  by  the  acid  water. 

(2).  ^Vhen  alkaline  ailicates  are  allowed  to  act  on  silicateft  oC 
alumina,  they  extract  minute  qoantitiea  of  alumina ;  and  silicaie  of 
soda  possesses  this  property  to  a  very  sensible  degree:  moreoTer,tiie 
alkaline  silicates  dissolve  small  portions  of  the  silicate  of  alnmioa 
itself.*  Thus  in  time  a  considerable  quantity  of  alumina  might  be 
removed. 

Now  all  these  are  solutions  we  should  expect  to  find  in  the  vidDitj 
of  strata  made  up  of  calcareous  and  arenaceous  rocks.  It  is  of  oooxM 
well  known  that  the  water  of  limestone  districts  often  contains  s 
large  amount  of  sulphate  of  lime,  to  which  is  due  whatsis  called  ill 
'* permanent  hardness";  on  the  other  hand,  the  solution  of  alkaline 
silicates  may  result  from  the  action  first  of  carbonic  acid  on  minerali 
containing  them,  and  then  the  subsequent  re-oction  of  the  ftlWIint 
carbonates  so  obtained  on  silicate  of  lime. 

By  these  agencies  then,  (1)  and  (2),  the  silicates  of  alumlos 
forming  the  clay  must  have  been  for  the  most  part  extracted.  It 
will  be  hardly  necessary  to  remark  that  carbonic  acid  would  have  no 
direct  effect  on  them,  as  it  does  not  combine  at  all  with  aluminium. 

Thus  the  clay-ironstone  results  in  brown  haematite  more  or  len 
free  from  siliceous  and  cla^'ey  particles,  according  to  the  extent  to 
which  the  alteration  has  been  carried.  The  final  process  seems  to 
have  l)een  the  deposition  from  solution  of  the  thin  external  layer  of 
pure  fibrous  hydrate. 

AVhiie  it  is  thus  shoAvn  how  such  a  change  is  theoretically  possible, 
it  is  satisfactory  to  obtain  undoubted  evidence  that  this  metamorphosis 
of  clay -ironstones  of  various  kiuds  really  does  take  place ;  and  it 
may,  I  think,  be  proved  pretty  conclusively  by  the  following 
example. 

On  the  southern  shore  of  Lough  Xeagh  is  found  a  great  thickness 
of  Ixids  of — sometimes  very  arenaceous — pottery  clays,  with  sand, 
and  occasionally  beds  of  lignite,  besides  concretionary  sandstones, 
and  nodules  of  clay-ironstone.  The  whole  has  been  correlated  with 
the  Bovey  Tracey  deposit,  but  is,  I  lK?liove,  of  somewhat  more  recent 
date.  The  ironstones  are  very  hard  and  compact,-  sometimes  of  a 
slightly  greenish  colour,  and  seem  to  consist  chiefly  of  proto-silicate 
and  cjirbonate  of  iron ;  but  the  outside  is  often  composed  of  a  thick 
cruht  of  hard,  close,  siliceous  brown  haematite,  evidently  the  fruit  of 
the  cheniic.'il  alteration  of  the  original  nodule.  One  of  them  is 
represented  in  the  accompanying  Woodcut  (see  Fig.  3).  Tlie  ex- 
ternal shell  of  haematite  (h)  is  nearly  a  quarter  of  an  inch  thick, 
and  it  almost  completely  incloses  the  unaltere<l  ironstone,  l>eing 
broken  to  show  the  interior.  A  qualitative  examination  was  made 
by  me  of  a  ])nrtion  of  the  unaltered  part  of  one  of  these  nodules 
with  the  following  result. 

It  did  not  effen'esco  at  all  with  dilute  acid  ;  but  when  powdered, 
and  treated  with  strong  hydrochloric  acid,  and  gently  heated,  violent 

1  Biwrhofs  Chem.  Geol.,  vol.  ii.  p.  06. 

'  Tbcjr  contain  recd-like  plants,  still  rttaiuing  the  woody  tissue. 
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Fig.   I.— sketch  SECTION, 

w  mode  of  oeeoiicnce  of  the  Hmutite  depcxit  in  the  CaTboniferoas 
Limatone  Beds  neai  Cookitown,  Co.  Tyrone, 


LoDfEtndiul  Seals,  tmlm  Inctua  to  one  mil*. 
Teitica]  Scale,  aboot  140  feM  to  me  loch, 
TUckseu  of  bsdi  modi  taaggoMti. 


About  h^f  (he  nalnnl  (iie. 

Fig.  2. — Hollow  nodule    of  brown    Hxnudte    from    slule   beds 
near  Cookstown. 
(a)  Shell  of  compact  Himalite. 
[i]   Internal  coating  of  mammillated  fibrous  bromt  Hxmalite. 

Fig,  3. — Nodule  of  Ironstone  from  later  Tertiary  beds  of  Lough 
Neagli;  putiatly  dtered. 

(a)  Original  Clay-ironstone  fonning  interior  nucleus. 

(b)  Sbelt  of  pseudomorphic  brown  HEEmaliie  consequent  on 

decomposition  of  (a). 
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action  took  place,  and  much  carbonic  acid  was  giTen  A  ^ 
ins^iluble  residue,  consisting  chiefly  of  silica,  alumina,  sndtlilk 
protoxide  of  iron,  was  not  unusually  large  compared  with  ^Wk 
taken.     The  solution  contained  a  very  large  amount  of  protonbtl^^'^ 
iron,  with  alumina,  and  a  trace  of  peroxide  of  iron.    Onlysi«]f!^? 
small  trace  of  lime  could  be  discovered ;  nothing  else  was  looka&iBii 
Translated  for  the  sake  of  clearness,  this  gives — 

SiOj -(- Al;(03  etc (insoluble  rendiM]. 

¥eJJ^       ... ••      a  trace. 

FeO in  Urge  qoantitj. 

Al^"^  •••       •••      •••       •■• 

x/Bvi   •••     >••     •••     •••     •••      B  trsoe* 

CO]    in  Ijurge  qwuititj. 

It  was  not  considered  necessary  to  make  a  quantitative  exsnuai- 
tion ;  for  the  above  could  leave  no  doubt  as  to  Uie  composition  of  tin 
nodule.  It  is  a  clay-ironstone,  made  up  of  carbonate  of  iron,  proto- 
silicate  of  iron,  and  clay,  or  silicate  of  alumina. 

Tliese  specimens  are  therefore  useful  in  placing  before  xu  Ai 
exact  method  of  transformiition  of  clay-ironstone  into  nodular  hami- 
titc.  It  is  only  by  the  infiltration  of  water  containing  oxygen  anl 
other  chemical  agents  that  these  could  have  been  eflfected,  fin 
ordinary  atmospheric  air  could  have  had  no  access  to  them,  some  of 
these  Tertiary  ironstones  having  been  got  from  beds  of  clay  20  feet 
thick,  and  often  covered  by  from  10  feet  to  30  feet  of  glacial  driiL 
Indeed,  the  effect  of  the  atmosphere  would  be  merely  to  form  a  tlui 
crust  of  brown  oxide  which  would  not  be  likely  to  consolidate,  htX 
would  liC  removed  almost  as  soon  as  formed  by  the  weather.* 

It  see  ins  worthy  of  remark,  however,  that  these  Tertiary  iron- 
stones are  very  nearly  as  fully  developed,  both  in  their  original  and 
metiinorpliic  stages,  as  tbeir  more  ancient  brethren  of  the  Carboni- 
ferous period.  And  it  ap[iears,  that  just  as  we  have  perfectly  con- 
solidated rocks  of  all  ages,  so  with  the  power  of  water  to  produoa 
complicated  chan<j^es  on  all  rocks  through  which  it  may  be  able  to 
percolate,  even  when  they  are  in  part  composed  of  constituents 
apparently  so  unsusceptible  to  its  influence,  or  belong  to  a  period 
that  may  be  called  the  yesterday  of  Geological  history. 


III. — A  Brief  Mkmoir  on  the  Geology  of  Dorset. 

By  J.  C.  Mansll-Pletdkll,  F.G.S. 

Fart    I. 

THE  Geolog}'  of  Dorset  presents  an  almost  consecutive  series  of 
formations  from  the  Liassic  to  the  Quaternary.  Tlie  Rhstic 
beds  which  have  so  large  a  clevelopnient  in  the  neighbouring  counties 
of  Somerset  and  Gloucester,  just  touch  the  confines  of  the  county  near 
Lyme  licgis.  and  were  described  by  Mr.  H.W.  Bristow,  F.R.S..  Director 
of  the  Government  Geological  Survey,  at  the  Bath  Meeting  of  the 

'  The  appearance  nf  clay-ironstones  which  have  been  exposed  to  the  weather  fcv  • 
long  period  is  very  ilitfenut  from  that  of  any  of  these  ;  and  the  thin  criut  of  Terr 
incoherent  oxiJe  \h  ni«>re,  highly  hydrate  i,  its  compodition  being  Fv^HgO^ — Manuil 
of  Geology  (Jukes  and  Geikie)/pp.  15  and  23. 
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fetish  Association  in  1864^  as  everywhere  underlying  the  true 
'N^o  strata.  They  consist  chiefly  of  a  central  mass  of  black  shale 
'^Ung  on,  and  passing  into,  the  underljring  Keuper  marls ;  whilst 
^  upper  division,  which  forms  the  base  of  the  Lias,  characterized 
y  the  presence  of  AmmoniieB  flanorhis,  and  Osirea  liasaica,  is  com- 
plied of  beds  of  marl  and  marly  or  argillaceous  limestone.  Their 
J^T  limit  ia  well  marked  by  the  White  lias,  which,  in  Mr.  Bristow's 

Eon,  forma  its  uppermost  member.  The  number  of  fossils  from 
beds  is  considerable,  comprising  thirty-two  genera  and  fifty-one 
)6cies  of  shells,  six  genera  and  seven  species  of  fish,  two  reptiles, 
id  one  mammal.  Of  these  MonoH$  (Amctda)  detmssaia  is  the  only 
•eoies  common  to  this  and  the  overlying  Liassic  formation,  although 
ere  is  no  marked  lithological  break  nor  observable  unconformity. 
liiAS. — ^The  Lower  Lias,  which  is  extensively  shown  at  Lyme 
^s,  has  been,  until  recently,  massed  as  an  indivisible  series  of 
kj,  shales,  and  limestones.  Palsaontologists  have  now  divided  it 
o  six  zones,  each  of  which  is  particularly  marked  by  its  own 
>np  of  fossils,  especially  by  Ammonites:  but  this  grouping  has 
t  been  found  to  hold  good  over  large  areas.  From  Devonshire  to 
irkshire  the  divisions.  Upper,  Middle,  and  Lower,  are  said  to  be 
nerally  constant,  and  no  actual  unconformity  is  known  from  the 
ktom  of  the  Lower  to  the  top  of  the  Upper  Lias.  The  zones  thus 
opted  in  an  ascending  order  are,  1.  Ammonitea  planorbia  zone; 
Ammonites  Bucklandi ;  d^  Ammonitea  Turneri ;  4.  Ammonitea  obttisua ; 
Ammonites  oxynottis;  6.  Ammonites  raricoatatus.  The  Ammonites 
teklandi  zone  attains  a  thickness  of  more  than  eighty  feet  at  Lyme, 
Qsisting  of  grey  limestones,  alternating  with  marls  and  shales ; 
lower  division  is  characterized  by  Ammonites  tmgulatua,  and  con- 
ins  four  species  of  Ickthyoaauri.  The  Ammonitea  Turneri  zone  is 
Boacterized  by  several  species  of  Cephalopoda ;  an  abundance  of 
)  Crinoid  Pentacrinus  tvbercuLatus,  and  the  Saurians  Ichthyosaurus 
Uffodon,  L  communis,  and  /.  intermedins.  The  Ammonites  obtusus 
ae  contains  many  species  which  appear  for  the  first  time,  among 
lioh  are  Ammonites  planicostatua,  A.  Birchii^  A,  Brookii,  A,  Dudres- 
ri,  Nautilus  striatus,  and  Belemmtes  acutus.  Extracrinus  briareus 
Longs  to  the  limestone  beds  of  this  zone.  The  Ammonites  raricos- 
us  zone  yields  several  Cepbalopods  of  that  family,  namely, 
nmonites  armatus,  A.  nodulosua,  A.  Guibaldianus ;  it  forms  part  of 
9  Hippopodium  bed  of  Murchison.  The  beds  between  this  and  the 
nmonites  spinatus  zone  inclusive  comprise  the  Middle  Lias,  which 
Lyme  is  upwards  of  five  hundred  feet  thick;  this  increased 
velopment,  as  compared  with  the  other  British  representatives  of 
J  Middle  Lias,  occurs,  as  might  be  expected,  at  a  point  in  close 
3ximity  to  its  continental  equivalent.  At  Black  Von  and  Golden 
p  its  lowest  beds  consist  of  grey  marls,  capped  in  the  last-named 
ality  by  sand,  containing  nodules,  which  appear  within  twonty- 
e  feet  of  the  beach-line.  At  Down  Cliif,  where  a  fault  lets  tlown 
)  marls,  and  hides  them  from  view,  the  downthrow  is  eastward, 
3ut  two  hundred  feet.  The  Star-fish  bed,  so  called  from  the 
hioderma  Egertoni,  belongs  to  this  section,  also  a  band  yielding 
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A.  momUit  mar-jaritatw,  A  layer  of  marl,  aix  feet  thick,  diTidei 
th>"  lower  \f^U  of  the  Middle  Lias  from  about  Beventj  feet  of  stud, 
whii-h  are  in  their  turn  succeeded  by  ninety  feet  of  Upper  Idas  cUy, 
near  the  Ijase  •)f  which  is  a  remarkable  conglomerate  of  pebUet^ 
sel  I  •Ml  more  than  an  inch  in  thickness,  imbedded  in  a  fermgiBOUl 
matrix  with  Oolitic  granules.  The  clays  beneath  assume  more  the 
ap]  '^I'l ranee  of  the  marlstone  of  other  districta.  Above  this  great  day- 
bc<l  •:■  aue  about  140  feet  of  brown  micaoeons  sand  containing  Uyen 
of  sin«lston>^.  Until  lately  thev  were  named  the  sands  of  the 
Inferior  Oil  ire.  but  are  now  generally  assigned  to  the  Cpper  Lisa 
At  Fourfoi^t  Hill,  to  the  east  of  Eype*s  Month,  there  is  another 
d'-'Wii throw  of  nearly  500  feet,  by  which  the  upper  beds  of  the 
Infrior  Oolite  are  brought  below  the  beach-line.  The  Lias  appesn 
again  at  Bridport  Harltour:  also  the  sands,  which  attain  a  thicknett 
of  120  or  130  feet  at  Burton  Bradstock  Cliff;  further  eastward  thej 
are  covered  by  beds  of  Inferior  Oolite  and  Fuller*s  Elarth. 

These  Midford  Sands  attain  a  thickness  of  140  feet  in  the  neigfa- 
bourh('M:)il  of  Sherborne,  and  are  traversed  by  horizontal  layers  of 
in  1  united  sandstone  nodules,  which  rarely  contain  organic  remaina 
It  will  be  observed  from  the  above  account  of  the  Dorsetshire  Lisisie 
be«ls.  tliat  they  are  o^nfine^i  to  the  south-western  comer  of  the  coantj. 
The  Lias  vies  with  the  Oxford  and  Eimmeridge  Clays  in  palconto- 
logical  treat^ures,  especially  the  almost  comparatively  extinct  Saoriin 
and  Ct'phalopod  families.  With  the  exception  of  the  Crocodile  and 
the  Alli^tor,  the  present  representatives  of  the  Saurian  family  are 
iii>i::nilieant  and  harmless;  and  of  the  chambered  Cephalopods, 
whiili  i»robaMy  fortaeJ  the  chief  fo«>d  of  their  contemporary  gigantic 
rojMJlis.  and  had  an  ext»»nsive  generic  distribution  during  the  Oolitic 
pLiiHl.  Xanftlfis  jxmpiliHS  is  the  only  existing  representative. 

Tin*  I'.'priles  fumi  a  pn>minent  feature  of  the  Liassic  formation  in  a 
palav.ntologicil  point  nf  view,  the  variety  and  abundance  of  which 
h.'ive  l»»t.'n  provfd  by  the  exertions  of  the  late  Miss  Mary  Aiming 
and  of  Mr.  J.  AV.  Marder;  of  these  the  flying  Saurians  are  the  rarest; 
])r.  iJiii'kland  was  the  first  to  give  evitlence  of  their  presence  in  the 
Li;i»*.  In  lrt.*>8  Professor  Owen  obtained  a  skull  with  a  few  other 
parts  of  the  skt'leton  of  the  same  or  a  closely  allied  species:  in 
March.  IbGS,  Mr.  Henry  Wcn^dward,  when  visiting  Lyme  Regis 
Kf'f'iiiJ«l  for  the  British  Museum  an  entire  tail  with  its  l)ony  tendons, 
2<».}  in<liC'8  in  h*nr^th,  closely  resembling  the  tail  of  Ehamphorhijnchut 
from  tli<'  Solcnhol'en  stone  of  Bavaria.  In  August  Ibllowini^  the  Earl 
of  Knniskillen  sent  uj»  to  Pn>fessor  Owen  a  tilab  with  tiie  greater 
part  ni'  the  bones  and  head  of  Dimorphodon,  having  a  portion  of  the 
caudal  series  of  verie])ra»  identical  witii  those  forming  the  entire 
detaehi  "1  tail  already  ohtained;-  tiius  establishing  the  existence  of  a 
now  ^cii  ric  form — Diinnrphodon.  in  a<ldition  to  lihamphorhf/nchwi  and 
J*trifihirtylus  j)roi»er.  11ie  most  distinguishing  features  of  the  genus 
are  tin;  association  in  the  same  mouth  of  fish-like  teeth,  with  long 

*  Sc<  iiioL.  Mao.,  1870,  Vol.  VII.  p.  98.  Dr.  Buoklnnd  also  observed  some  of 
this*:  Mi.  i'lU-.  v«  rtrljno  in  his  orifjiiial  .si>icinivii  of  IHtnorphodvn  {I'trrotiactylui) 
tnacroui/x,  but,  Htrai];;e  to  8uy,  cunaidtred  them  t*)  be  ctrrieal. 
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lender  projecting  sharp  teeth,  with  wide  intervals,  and  set  in  advance, 
I  the  lower  jaw :  the  disproportionate  magnitude  of  the  head  is  very 
nD:iarkabley  but  which,  as  Professor  Owen  remarks,  is  more  com- 
letely  adapted  to  combine  lightness  with  strength  than  the  skull  of 
ly  other  known  vertebrate  or  invertebrate  animal. 
iKFEaiOB  Oolite. — ^The  Inferior  Oolite  limestones  and  sands,  like 
le  Xiias,  are  confined  to  the  north  and  west  portions  of  the  county, 
ctending  from  Obome  near  Sherborne,  through  Bradford  Abbas  to 
en^^ick;  they  undergo  much  dislocation  between  Wayford  and 
eaminster,  and  repose  on  the  Upper  Lias  at  their  southern  boun- 
iry,  while  the  northern  portion  is  flanked  by  the  Fuller's  Earth. 
"hey  have  a  wide  extension  between  Beaminster  and  Poorstock ; 
wo  successive  lateral  faults  occasion  their  disappearance  at  Shipton 
rorge.  .  They  occur  again  at  Burton  Bradstock,  represented  by 
irru^nous  limestones  containing  a  large  per-centage  of  iron.  Dr. 
7'right  divides  these  beds  into  three  zones,  characterized  by  three 
rominent  Ammonites :  1.  Ammonites  MurchiaonicB ;  2.  Ammonitea 
fuarnphrieaianua ;  3.  Ammonitea  Parkinaoni.  No.  1  is  absent  in 
K>rBetBhire,  the  result  of  a  thinning  out  of  the  bed  by  which  No.  2 
I  brought  in  conjunction  with  the  Midford  Sands.  This  zone  is  well 
epresented  at  Chideock  and  Burton  Bradstock,  consisting  of  shelly, 
ron-shot,  and  brown  sandy  Oolites  :  the  uppermost  contains  Terehra- 
uia  PhiUipaii  ;  the  middle  and  lower,  the  characteristic  Ammonites ; 
Iso  Ammonitea  Sowerhyi,  Ammonitea  concavua,  Lima  Etlieridgiij  Tere- 
Totvla  perovalia,  Pleurotomaria  omata,  Pleuratomaria  punctata,  etc. 
Hie  Parkinaoni  zone  is  represented  at  Walditch,  Chideock,  Burton, 
jid  Sherborne  by  the  upper  and  lower  Tr/^opia-grits ;  the  former 
lontains  the  characteristic  Ammonite,  as  well  as  Ammonitea  Martinaii, 
L  Truellii,  Trigonia  aignata — the  latter  contains  Hyhoclypna  gihherulua, 
^Jnndbriaaua  clunicularia. 

Fulleb's  Eabth. — ^The  Fuller's  Earth,  -consisting  of  marls  and 
days,  spread  over  the  upper  beds  of  the  Inferior  Oolite,  and  of  a 
adcareous  deposit  known  as  the  Fuller's  Earth  Book,  which  forms 
be  middle  beds  of  the  series,  extends  from  Obome  to  Clifton  Wood, 
w'here  a  downthrow  brings  up  the  Forest  Marble,  which  covers  it  as 
*ar  as  Halstock,  where  it  re-appears,  passing  through  Leigh,  and 
South  Perrott,  and  thence  to  Beaminster ;  it  occurs  again  further 
louth  at  Hook  Park  and  Withorston,  and  diwippears  iu  the  neigh- 
x>urhood  of  Shipton  Gorge ;  it  finally  occupies  a  very  limited  area 
lorth  of  Burton  Bradstock.  These  beds  are  not  very  fossiliforous ; 
;he  most  common  fossils  are  Ostrea  acuminata  and  Bhjnchonella 
yarians.  The  most  westerly  appearance  of  the  Fuller's  Earth  is  in 
the  cliff  at  Watton  Hill,  near  Eype,  capped  by  an  outlying  summit 
of  Forest  Marble ;  it  occurs  also  as  the  uppermost  beds  of  Burton 
Cliff.  The  Fuller's  Earth  rock  is  confined  to  the  northern  or  Valo 
portion  of  the  county :  it  is  extensively  quarried  for  the  lime  it 
contains,  and  is  largely  used  by  the  agriculturists  as  a  top-dressing. 
The  clays  produce  good  grass,  and  support  an  excellent  pasturage. 

Forest  Mabble. — This  representiitive  of  the  Great  Oolite  consists 
of  blue  clays  and  marls,  succeeded  by  thick  layers  of  atouQ  c^vsx- 
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pnscd  of  comminuted  shells  and  sandy  slates,  to  which  the  hum 
was  given  by  William  Smith,  in  consequence  of  the   large  mi 
covered  by  it  in  Wychwood  Forest     It  aboonds   in   rip^e  uk 
current-marks,  from  which,  and,  from  the  wood  it  frequently  oon- 
tains,  it  is  inferred  that  it  must  have  been  formed  in  a  uuUow 
soa.     In   Dorsetshire  its  lowest  portion  chiefly  oonsifita  of  diy, 
with     occasional    layers    of    thin    fissile    and     sandy    limestoiie 
The   soil   is  generally  cold   and   wet,  and  is  mostly  confined  to 
pasturage.     The  limestone  is  quarried  for  flagstones  and  faoil^ 
materials,  and  in  the  neighbourhood  of  Bridport  it  is  bomt  for  lima 
The  upjier  formation  of  this  series,  Corvhratkj  consists  of  a  loose, 
mil})!}',  fossil iferous  limestone,  and  is  useful  for  load-making  and 
a)nversion  into  lime.     The  most  northern  position   is   Stalbiidge. 
where  it  attains  a  breadth  of  three  miles,  and  takes  a  southeriy 
direction  from  Purse  Caundle  to  Holwell,  where  a  fault  tfarowi  t 
northward  towards  Haydon ;   here  it  flanks  the  Honeyeombe  tDJ 
Lillington  range,  passing  through  North  Wootton,  Folke,  Lewesioi^ 
to  Beer  Hackott,  where  it  is  again  displaced  by  a  fault,  and  appetn 
once  more  at  Ryme,  Yetminster,  Melbury  Sampford,  West  Chd- 
borough,  to  liampisham,  where  it  is  closed  in  by  the  Greensaad  of 
that  district.     It  occupies  a  considerable  area  in  the  Yale  of  Biedy, 
about  eight  miles  long,  and  five  miles  broad,  bounded  on  the  Borai 
by  the  overhanging  escarpment  of  the  Chalk  and  Greensand,  on  the 
south  by  the  sea  and  Chesil  Bank,  and  on  the  west  by  the  Inferior 
Oolite.     It  also  has  a  considerable  extension  in  the  Vale  of  Wey- 
mouth, extending  from  Langton  Herring  to  Radipole.     Owing  to 
the  proflomiuance  of, phosphoric  acid  and  carbonate  of   lime,  tbe 
superiority  of  the  Combrash  over  the  Forest  Marble  in  an  agricul- 
tural point  of  view  is  well  marked.     At  PuncknoU    and  Swyre, 
whore  1b(3  green  pastures  and  brashy  arable  fields  of  tbe  northern 
portion  of  tlie  parishes  are  succeeded  on  the  southern  side  by  hard 
stift"  unyielding  clays,  scarcely  repaying  the  expense  of  the  plough- 
share, there  is  no  doubt  as  to  the  superiority  of  the  Combrash  for 
agricultural  purposes.     Professor  Buckman  has  presented  facts  in 
connexion  with  the  distribution  of  fossils  in  the  Inferior  and  Qreat 
Oolite  beds,  showing  that  twenty-one  species  of  LamelHbranchiato 
bivalve  Mollusoa,  wliich  are  common  to  the  Inferior  Oolite   and 
Cornhrash  in  Gloucestershire,  ai-e  rare  or  wanting  in  the  Great  Oolite 
of  11 10  district.     ITio  recurrence  of  species  he  considers  to  bo  depen- 
dent on  tbe  rccuiTonce  of  similar  physical  conditions. 

Oxford  Clay — is  a  nearly  uniform  mass  of  dark  clays  and  shales 
witli  occasional  beds  of  argillaceous  limestones  :  the  characteristic 
fossil  is  Gryphfia  dilatatd.  It  occui)ie8  a  more  extended  area  than 
any  of  the  i)rovious  bods,  and  is  not  so  disturbed  by  faults  ;  it  has  an 
uninterrupted  course  from  Ruckhom  Weston,  Stalbridge,  Lydlinch, 
Stock,  ITolnest  and  Melbury  Osmund,  alx>ut  twenty  miles  in  length, 
and  tln-oe  in  breadth.  It  is  flanked  on  its  eastern  extension  by  the 
Coral  Tiag  at  Ililfield,  and  is  overlapped  by  the  Chalk  escarpment; 
its  wostorn  extremity,  lying  at  the  base  of  Melbury  Bubb,  l>eing  less 
regular,  owing  to  the  dislocation  of  the  subsequent  beds.     It  appears 
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he  Bonthern  side  of  the  Chalk  range  at  Long  Bredj,  where  it 
I  a  westerly  direction  to  Barton  Bradstock,  and  forms  the  bed  of 
iver  Bredy  throagh  the  whole  of  its  course.  From  East  Fleet 
eloombe  Begis  and  Weymouth  it  forms  a  belt  of  low  ground, 
winds  round  the  eastern  extremity  of  the  Forest  Marble  at 
pole  and  Lodmore,  and  from  the  base  of  Jordan  Hill  and  Ham 

about  three  miles  east  of  Weymouth. 

»BAL  Bag. — ^This  series  of  limestones,  clays,  sands,  and  marls 
lying  the  Oxford  Clay,  has  received  the  name  of  Coral  Bag,  the 
r  calcareous  beds  in  Wiltshire  and  Oxfordshire  being  chiefly 
K)8ed  of  corals,  which  are,  however,  of  exceeding  rarity  in 
etshire.  Its  most  northern  point  is  Silton,  from  whence  it  runs 
kurminster  Newton  with  a  breadth  not  exceeding  two  miles. 
[amhuU  and  Todbere  the  limestones  of  this  formation  make  a 
tiful  building-stone  ;  between  Haselbury  Bryan  and  Mappowder 
It  dissevers  it  by  an  upthrow  of  Kimmeridge  Clay,  and  nearly 
»unds  the  Cretaceous  outlier  of  Castle  Hill.  Its  southern  ex- 
ity^  in  the  Yale  of  Blackmore,  is  between  Hermitage  and  Hilfield. 
)utlier  consisting  of  the  lower  beds  of  the  series  occurs  at 
[shaw.  South  oi  the  villages  of  Litton  Cheney  and  Long  Bredy 
TOW  zone  of  these  beds  occurs  in  this  very  disturbed  district, 
dng  upon  a  parallel  bed  of  Oxford  Clay :  it  again  appears  at 
>n  Hill  south  of  Abbotsbury,  passing  through  Broadwey  and 
in  Hill,  from  whence  it  forms  tiie  coast-line  almost  without  in- 
ption  to  Bingstead  Bay.  Its  most  southerly  extension  is  in  the 
ibourhood  of  Weymouth,  where  it  is  the  most  Oolitic;  it  forms 
mgle,  of  which  the  Nothe  and  the  Fleet  at  Lynch  form  the 

and  Smallmouth  Sands  the  apex.  The  average  thickness  of  the 
sttion  here  is  about  150  feet.  It  is  highly  ferruginous,  especially 
e  upper  beds.  At  Abbotsbury  the  Coral  Rag  is  associated  with 
ate  of  iron,  which  is  as  capable  of  being  brought  under  smelting 
ment  as  the  corresponding  Oolitic  beds  of  Westbury. 
rMMEBiDOv  Clay. — ITiis  lowest  member  of  the  Upper  Oolite  or 
[and  beds,  universally  recognized  under  this  characteristic 
),  is  so  called  from  a  small  Dorsetshire  village,  which,  with  the 
)tion  of  a  range  of  hills  which  form  the  northern  boundary,  is 
bed  exclusively  on  this  formation.     It  is  composed  of  a  series  of 

and  bituminous  shales  interspersed  with  several  tabular  layers 
*gillaceous  limestones,  which  are  brought  into  a  marketable 
ition  in  the  form  of  Medina  cement.  In  the  vale  of  Blackmore 
ms  the  eastern  boundary  from  the  foot  of  Shaftesbury  Hill  to 
path  Lane,  winding  eastward  round  the  base  of  the  indented 
1  fringe  of  the  confines  of  this  fertile  vale.  At  Buckland 
ton  it  meets  the  great  fault  which  nms  north  and  south  from 
hill  near  Sherborne  to  Holcombe  and  probably  to  Ceme  Abbas ; 
after  joining  the  base  of  Castle  Hill,  finally  disappears  under 
i^reensand  about  half  a  mile  south  of  Bevel's  Inn.  At  Litton 
ey  it  appears  to  a  very  limited  extent  with  much  dislocation 
rata,  and  again  at  Abbotsbury,  continuing  eastward  through 
sham,  where  it  flanks  the  Purbeck  beds  from  Upwey  to  the 
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east  of  Satton  Pointz.      The  southern  boandaxy  of  tlus  sone  ii 

almost  a  straight  line  from  Abbotsbnry  to  Broadwey,  from  whence 

it  takes  a  south-west  direction,  meeting  the  coast-line  at  Osmington 

Mills ;  at  Bingstead  Bay  it  disappears  under  the  sea-level,  its  most 

inland  portion  being  South  Hoi  worth.     It  occupies  a  small  area  from 

tlio  commencemont  of  Smallmouth  Sands  to  the  Ferry  Bridge,  and 

forms  the  coast-line  from  Chesil  on  the  west  to  Portland  Nore  and 

Church  Hopo  Gove  on  the  east  of  the  island.     Its  most  easteriy 

extension  is  from  Gad  Cliff  to  St  Alban's  Head.     The  Kimmeridge 

Clay  of  the  Yale  of  Blackmore  is  less  bituminous  than  that  of  the 

Kimmeridgo  district ;  where  it  is  upwards  of  600  feet  thick,  and 

strongly  impregnated  with  bitumen,  giving  out  a  disag^reeable  smelL 

It  bums  vividly  with  a  bright  and  clear  flame,  but  is  unfit  for  oidi- 

nary  use  as  fuel ;  the  poor  of  the  neighbourhood,  however,  use  it  ai 

a  substitute  for  other  fuel.     It  bums  with  a  cheerful  flame,  lighting 

up  the  chamber,  as  well  as  cooking  the  dinner  and  boiling  the  kettle. 

It  has,  however,  an   unpleasant  odour   when  burning,  resembling 

petroleum,  and  yields  a  reddish  ash.   The  volatile  matter  of  the  richer 

beds  is  upwards  of  73  per  cent. ;  the  solid  mineral  matter  being 

only  27.    The  following  is  the  result  of  the  analysis  of  J.  W.  Eeateii 

Es<[.,  F.C.S.,  Consulting  Chemist  of  the  City  of  London  Gktsworks: 

'*Nine  thousand  cubic  feet  of  gas  per  ton.     The  lighting  power 

of  this  gas  is  equal  to  16  candles  (sperm),  consuming  120  grs.  per 

hour,  being  burned  at  the  rate  of  9*2  cubic  feet  in  a  fifteen-hflied 

argand  burner.     The  lighting  power  of  ordinary  London  gas  is 

12  candles  similar  to  those  mentioned  above. 

itains — Carbon  ...     13-15 
Ash       ...     20-85 
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Tho  bods  l>otweon  Chapman's  Pool  and  Gad  Cliff  are  much  dis- 
located by  faults  wliich  arrest  the  appearance  of  tho  lower  beds  of 
the  series,  otherwise  the  fossilifcrous  stratum  of  Holworth  would 
have  su(x;oo(le(l  in  its  pro|)er  place  instead  of  l>eing  hidden  fifteen 
miles  eastward.  An  anticlinal  axis  at  Kimmcridge  Bay  is  another 
cause  of  tho  retardation  of  tho  appearance  of  the  beds  in  their  proper 
succession.     T}n3  bands  of  cement-stone  which  intercalate  the  clavs 

«r 

and  shales  facilitate  the  recognition  of  the  beds,  and  show,  within 
tlu?  sj)ace  of  a  mile,  their  re-appoarance  no  loss  than  six  times.  At 
St.  Al])an'8  IIoa<l  and  (Jad  Cliff  the  upper  beds  alone  are  present, 
the  intermediate  space  (about  six  miles)  displaying  not  more  than 
one-half  of  the  series.  The  lowest  member  of  tho  series  is  at  Bin<c- 
ritoail.  and,  owin;^  to  tho  rock  losing  its  shaly  charactor,  tho  fossils 
are  well  preserved.  The  beds  have  a  northward  dip,  and  are,  as 
already  noticed,  intersected  })y  numerous  faults,  causing  dislocations, 
analoj^ous  to  those  of  the  Coal-measures.  The  distinctive  character 
of  this  format  ion,  as  compared  with  the  true  Carboniferous,  is,  that 
the  bituminous  matter  is  principally  a  result  of  the  decomposition  of 
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lal  matter.  Like  the  Lias  of  the  western  side  of  the  county,  it 
Is  a  rich  supply  of  Saurian  and  Cephalopod  remains,  much  im- 
;nated  with  iron  pyrites  (a  compound  of  iron  and  sulphur  in 
lortion  of  45*77  to  54*23),  seyeral  of  which  have  been  figured 
described  by  Prof.  Owen,  F.R.S.,  and  Mr.  J.  W.  Hulke,  F.RS. 
mg  the  most  important  is  the  humenis  of  a  gigantic  terrestrial 
lal  vying  with  the  Iguanodon  and  Megatherium  in  its  magni- 
I,  and  of  strong  crocodilian  affinities.  Traces  of  such  a  gigantic 
nan  have  been  met  with  previously  in  an  ungual  phalange  from 
Kimmeridge  Clay  at  Ely,  and  a  fibula  from  Holworth,  both  of 
Qh  are  in  the  British  Museum.  In  the  Earl  of  Eldon's  collection 
Incombe  there  is  a  similar  humerus. 

hiring  the  year  1871  an  entire  skeleton  of  lehthyoaaurua  en- 
iodon  (Hulke)  has  been  added  to  our  palsdontological  list,  as  well 
he  anterior  part  of  the  upper  jaw  of  a  Teleoaaur,  which  is  the 
indication  of  this  genus  discovered  at  Kimmeridge.  Before  dis- 
cing this  part  of  the  subject,  it  may  be  stated  that  the  occurrence 
170  species  of  Pksiosaurus  from  Kimmeridge  have  been  confirmed 
Mr.  Hulke,  P.  hraehistospondylua  and  P.  Manseliu  The  com- 
son  of  the  limbs  of  the  latter  with  those  of  the  typical  Liassic 
\iosauri  brings  out  so  many  and  such  important  differences  that 
and  P.  megadeirua  &om  Haddenham  and  Ely  may  well  rank  as 
representatives  of  a  very  distinct  sub-genus. 
1  addition  to  the  evidence  of  the  proximity  of  land  during  the 
lation  of  the  Kimmeridge  beds  by  the  remains  of  the  terrestrial 
osaur,  a  fossil  plant,  Pinites  depressua,  from  the  Kimmeridge  Clay 
•  Weymouth,  has  been  confirmed  and  figured  by  Mr.  Carruthers, 
>.S. 

OBTLAND  Sand. — ^The  Portland  Sands  are  about  100  feet  thick 
Purbeck,  and  from  60  to  80  feet  in  Portland ;  they  consist  of 
t-grey,  soft,  siliceous  matter,  including  minute  green  particles, 
.  like  the  Liassic  sands  of  the  western  side  of  the  county,  repose 
n  inferior  clay -beds ;  it  includes  indurated  nodules  in  horizontal 
jrs,  which  frequently  contain  Trigonia  and  Panopea,  It  meets 
coast-line  between  Winspit  and  St.  Alban's  Head,  and  crops  out 
he  longitudinal  valley  from  Pier  Bottom  to  Encombe,  and  from 
base  of  the  Oolitic  range  which  commences  at  Encombe  and 
linates  at  Gad  Cliff ;  the  sands  re-appear  beneath  the  Portland 
le  near  Stair  Cove,  and  again  at  Ringstead ;  the  great  Ridgeway 
t  throws  them  northward,  and  near  Pox  well  they  take  a  westerly 
ction,  half  encircling  the  valley  of  Sutton  Pointz  on  its  eastern 
I,  and  forming  the  base  of  Chalbury  Hill ;  after  a  slight  inter- 
bion  at  Bincombe  they  continue  to  the  village  of  Portisham, 
ing  Upwey  and  Friar  Waddon  on  the  north. 
'OKTLAND  Stone. — Here  is  the  first  appearance  in  the  West  of 
;land  of  the  Portland  stone,  which  attains  an  elevation  of  nearly 
feet  at  Preston  and  Bincombe,  and  constitutes  a  large  portion  of 
Isle  of  Portland.  It  rises  at  an  angle  of  nearly  90  degrees  on 
torthem  side  towards  Weymouth,  with  its  base  upon  the  Kimmer- 
)  Clay.    It  skirts  the  sea-level  at  Lul worth,  and  forms  a  magnificent 
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headland  at  Ga^l  Cliff,  and,  pnrsning  its  ooone  eaitward,  it  letixei 
from  the  coast-line,  oocnpying  for  ti^e  most  part  the  rammit  of  the 
range  behind  the  village  of  Eimmeridge.  Near  Swyie  Head  a  fault 
throws  it  northward,  and  it  forms  the  high  land  soaUi  of  the  Tilltge 
of  Kingston  to  Downhays  Bam,  where  it  takes  a  scmtherly  directioiL 
and  touches  the  ooast-line  again  at  Emmets  Hill,  forming  the  vppv 
part  of  St  Alban*s  Head ;  through  Winspit  and  Seacombe  to  Daile- 
ston  Head,  a  mile  south  of  Swanage.  where  the  qnarriee  yield  a  while 
limestone  containing  AmmfmiteB,  Trigonict,  and  (htreet;  also  tabular 
veins  of  chert  in  lax^  irregolar  layers  and  nodules.  The  oystar- 
be<l  is  eight  feet  in  thickness,  and  overlies  a  series  of  the  fireestooe 
beds,  which  consist  of  Ostrea  soUtaria  cemented  together  by  in 
infiltration  of  calcareous  matter,  and  was  extensively  worked 
formerly  in  the  old  quarries  of  Tillywhim  and  Winspit.  The  beds 
of  the  Portland  series  have  a  northern  dip  here,  while  in  Portland 
they  dip  to  the  south.  The  upper  portion,  which  averages  from 
three  to  four  feet  in  thickness,  is  extensively  quarried ;  it  oontaioB 
only  casts  of  fossils — those  of  a  spiral  univalve  {Neriiuta),  called  by 
the  quarrymen  the  Portland  screw,  is  common.  The  Boach-bed,  as  it 
is  locally  termed,  is  very  hard  and  especially  adapted  for  building 
purposes.  A  part  of  old  St-.  Paul's  was  restored  by  Inigo  Jones 
from  these  beds.  In  the  Ridgeway  district.,  espeoiidly  at  Upwey, 
the  Portland  Stone  assumes  a  chalky  character  with  chert  and 
TrigontcB — it  is  associated  with  the  Portland  Sands  from  Poxwell  to 
Portisham. 

PrniiECK  Beds. — A  shelly  Limestone  containing  Ostrece  occurs 
umou^  flic  lower  portion  of  this  formation,  locally  called  Purbeck- 
Vorihuid.  A  very  remarkable  bed  resting  upon  a  thin  Ixind,  four 
iru^lios  thick,  and  crowded  with  scales  of  Histionotus  hrericcpSt  ex- 
tend k  r»ver  nearly  the  whole  of  Portland,  the  east  of  Lul worth 
r'nve.  Gad  Cliff,  and  Kidgeway,  where  it  is  still  thinner.  Silicified 
trunks  of  coniferous  trees,  which  sometimes  stand  erect,  but  are 
p:onerally  broken  off  short,  and  seldom  exceeding  eight  feet  in  length, 
and  remains  of  other  plants  allied  to  Zamia  and  Cycas,  occur  in  this 
bed.  About  a  mile  to  the  east  of  Lulworth  Cove  there  are  several 
dome-liko  limestone-knobs,  hollow  in  the  centre,  which  are  prob- 
ably the  enlarged  bases  of  Cycadean  plants.  At  Gad  Cliff,  wliich 
flanks  the  western  side  of  Kimmeridge  Bay,  a  large  Limestone  block, 
ten  feet  Inng  and  six  broad,  encases  one  of  these  Oolitic  trees. 

The  Purl>eck-beds  attain  their  fullest  development  in  Purl^, 
and  extend  from  the  town  of  Swanage  to  Worbarn)w,  their  northern 
boundary  being  the  valley  which  unites  these  two  i>lace8;  their 
fiouiljem  iKmndary  the  coast  to  the  east  of  St  Al ban's  Head,  where 
tlioy  tnni  nrirthwaid  to  Afllington  Barn,  and,  skirting  the  north  side 
of  the  Enconibe  and  Kimmeridge  range  to  Gad  Cliff,  are  lost  beneath 
the  sea  at  Worbarrow  Tout.  At  Blacknianston  they  are  squeezed  up 
betwecin  the  Kimmeridge  Clay  on  the  south  and  the  Hastings  Sands  on 
the  noi-tJi :  continuing  westward  without  further  expansion,  they  re- 
a])p(*ar  at  Mewps  Bay,  fonning  the  coast-lino  to  DurdJe  Door. 

The  great  fault  which  commences  in  the  neighbourhood  of  Poxwell, 
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and  extends  tkrongk  Friar  Waddon  to  the  north  of  Abbotsbury,  has 
its  greatest  extension  at  Binoombe  and  Ridgeway,  where  a  good 
section  is  exposed  in  the  nil  way-cutting;  the  Parbeok-beds  flank  the 
south  side  of  the  fanlt  with  a  few  exceptions  from  Poxwell  to 
Portisham.  The  late  Profl  Edward  Forbes  divided  them  into  upper, 
middle,  and  lower,  each  marked  by  a  peculiar  assemblage  of  organic 
remains ;  the  lower  is  largely  developed  at  Bidgeway,  ihe  middle 
and  upper  in  Durleston  Bay.  There  are  evidences  of  various  changes 
from  sea  to  brackish-water,  and  inversely,  between  each  of  which 
long  leases  -of  time  must  have  intervened.  The  recurrence  ef  the 
delicate  remains  and  fragments  of  insects  may  be  accounted  for 
tinder  the  supposition  that  these  light  spoils  from  the  land  were 
•carried  down  by  the  rivers  into  the  estuary,  and  the  abundant  deposits 
in  some  of  the  beds  were  probably  occaffloned  by  the  collapse  of 
insect  life,  through  sudden  changes  of  temperature.  Some  of  the  beds 
at  Ridgeway  are  characterized  by  a  peculiar  Ptupa  and  a  small  Hemi- 
pterous  insect,  NotonectOf  which  belonging  to  an  aquatic  species  may 
probably  be  the  cause  of  its  being  found  entire,  and  not  fragmentary, 
as  are  the  dragon-flies  and  other  entomological  remains.  At  Ridge- 
way the  corresponding  beds  of  the  Lower  Purbeck  differ  by  a  greater 
development  of  limestone,  and  the  dark  shaly  clays  are  entirely 
absent,  which  chiefly  constitute  the  Durleston  Bay  section.  At 
Durleston  Bay  the  lowest  beds  commence  with  the  lower  insect-beds 
of  Prof.  Edward  Forbes,  and  are  of  marine  origin.  The  quarries  which 
give  the  Middle  Purbecks  their  valuable  economic  character  lie 
beneath  the  Pecten  beds,  and  are  chiefly  of  fresh  and  brackish  water 
formations.  It  is  from  this  zone  the  Fish  and  Turtle  remains  are 
chiefly  obtained. 

The  Cinder  bed  is  the  first  evidence  of  the  invasion  of  the  sea 
during  the  Middle  Purbeck  age.  It  is  mostly  formed  of  the  remains 
of  Ostrea  distorta,  and  contains  the  Hemiddaris  Pur^ecJcensiSf  the 
only  Echinoderm  of  the  Purbeck  series  hitherto  known.  This  bed 
forms  a  marked  physical  feature  throughout  the  island,  and  by  the 
experienced  eye  can  be  detected  with  certainty.  The  Cinder  bed  is  suc- 
ceeded upwards  by  (H.)  Turtle  beds,  (G.)  Pecten  beds,  (E.)  Corbula 
beds,  and  (F.)  Beef  beds,  of  Rev.  J.  Austen's  list,  which  are  C{^)ped  by 
(D.)  the  uppermost  of  the  Middle  Purbeck.  The  upper  division  at 
Swanage  is  about  thirty  feet  thick,  including  a  band  of  Paludtna 
elongatay  which  takes  a  high  polish.  It  was  held  in  high  repute  by 
the  architects  of  the  middle  ages,  and  there  are  but  few  of  our 
cathedrals  and  old  churches  which  do  not  contain  pillars  and  window 
shaflts  of  this  material.  Mr.  Bristow  considers  there  is  sufficient 
evidence  that  the  greatest  part  of  this  material  for  ancient  eccle- 
siastical ornamentation  was  procured  from  the  neighbourhood  of 
Swanage. 

The  remainder  of  the  Upper  Purbecks  consists  of  a  series  of  bands 
of  clays  and  stone,  the  clays  being  charged  with  Cypris  shales,  and  the 
stone  with  UnionidcB.  At  Ridgeway  these  beds  are  coarser  and  more 
sandy,  and  contain  lignite ;  at  Mewps  Bay  they  are  thinner,  but  contain 
a  greater  variety  of  species  of  Cypris  than  at  Durleston,     A  r^\xsaxk.- 
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able  feature  in  the  mollosooiu  ftmna  of  the  PuibeAi  beds  is  their 
fiimikritj  with  those  of  the  fresh-water  Tertiary  strata^  and  with 
existing  genera ;  this  resemblance  is  so  great  that,  with  the  fossili 
before  us,  and  no  evidence  of  their  geological  position,  it  would  be 
difficult  to  assign  them  to  a  definite  geological  epoch. 

At  tlie  commencement  of  the  present  century  it  wa«  generallT 
supfiosed  that  the  appearance  of  mammalia  was  deferred  until  tha 
Tertiary  period,  but  this  delusion  was  dispelled  in  the  year  1814  l)y 
the  discover}'  of  the  jaw  of  a  small  marsupial  in  the  Lower  Oolites  of 
the  Stonesfield  Slate ;  and,  thirty  years  after,  the  tooth  of  another 
diminutive  mammifer  Microlestes  was  discovered  still  farther  down 
in  the  geological  series,  in  the  Upper  Trias  of  Stuttgardt.  The  Upper 
Trias  of  Somersetshire  subsequently  supplied  jaws  and  teeth  of  two 
or  three  marsupial  species ;  although  no  mammal  had  up  to  this 
time  been  found  between  the  other  members  of  the  Oolitic  series  and 
tho  Tertiary,  it  was  not  unreasonable  to  suppose,  that,  as  abundant 
proofs  existed  of  plants  as  well  as  insects,  the  balance  of  life  was 
carrie<l  on,  as  at  the  present  day,  by  compensating  influences,  and 
that  Insectivora  were  present  then  as  now  to  control  the  undue  in- 
crease of  insect  life.  The  presence  of  fossil  Mammalia  in  the  Middle 
Purbeok  was  established  by  the  discovery  of  an  insectivorous  mammal, 
Spalacotherium  tricnspidensj  allied  to  the  Th^lacotherium  of  the  Stones- 
field  Slate.  In  the  year  I80G,  Mr.  S.  H.  Beckles,  F.B.S.,  stimu- 
lated by  these  discoveries,  proceeded  to  make  a  close  and  systematic 
searcli  in  the  fresh-water  marl-beds,  and  with  complete  success.  In 
throu  works  ho  brought  to  light,  from  an  area  forty  feet  long  by  ten 
wirlo,  and  from  a  layer  the  average  thickness  of  which  was  only  five 
inches,  fieveral  sj>ecies,  many  of  which  were  new.  They  are  the 
subject  of  an  exhaustive  memoir  by  Professor  Owen,  in  the  Palaeonto- 
grapliical  Society's  works  for  the  j'ear  1870.  No  less  than  eleven 
genera  and  twenty-seven  species  are  described  and  figured  ;  of  these 
the  genus  Platjiaulax  has  engaged  the  greatest  attention,  and  has 
given  rise  to  a  controversy  as  to  its  being  carnivorous  or  insect- 
ivorous. Tlio  late  Dr.  Falconer  thought  it  might  be  regarded  as 
possessing  the  typo  peculiar  to  tho  family  to  which  Hyptiprifmnus 
belongs,  but  generically  widely  distinct  from  tho  existing  Kangaroo- 
rat  :  riagiaulax  BecMcsii  equals  the  size  of  a  squirrel.  Professor 
Owen  on  tho  otlier  hand  contends  that  the  demonstration  of  the 
carnivorous  character  of  Flagiaulax  is  more  ample  than  that  of  its 
having  l^een  herbivorous.  Small  reptilian  remains — Macellodus 
Ihodiei  and  Notlictes  destructor — aro  found  in  the  feather  quarry, 
(J.)  chert  beds  of  Mr.  Austen's  list. 

It  is  worthy  of  remark  that  of  the  twelve  or  fourteen  species  of 
Piirbcck  mammalia  not  one  is  a  member  of  the  orders  which  are  so 
well  represented  in  tho  Tertiaiies,  and  all  appear  to  be  marsupials 
allied  to  Australian  groups. 

At  Durleston  Bay  and  at  Ridgoway  some  of  the  beds  are  prolific 
in  insect-remains,  especially  those  of  the  lower  part  of  the  series, 
c^msisting,  for  the  most  part,  of  elytra  or  wing  coses  of  Coleopterous 
insects  interspersed  with  some  Neuropterous  wings,  and  other  relics 
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of  insect  life.  These  remains  consist  solely  of  fragments  of  wings 
and  a  few  segments  of  the  abdomen  ;  why  the  other  hard  portions  of 
tiiese  animals  are  not  mixed  up  with  the  rest  is  a  mystery.  They 
were  probably  the  spoils  of  the  land  through  which  the  ancient 
river  flowed,  by  means  of  occasional  overflowings.  This  is  the  more 
probable  as  the  Purbeck  series  is  generally  recognized  as  an  estoary 
deposit 

Amongst  the  most  interesting  of  the  fossils  are  those  of  the 
cmstaceons  order  Isapoda  (well  represented  by  a  single  species,  the 
ArchcBon%9eu8  Brodiei,  Milne  Edw.),  which  are  very  rarely  met 
with  in  the  fossil  state. 

(To  be  concluded  in  our  next  Number.) 


IV. — On  thi  Glacial  Epoch  op  Great  Britain. 

Bt  Joshua  Wilson. 

rmust  be  admitted  that  if  during  the  Glacial  period  an  arctic 
current,  similar  to  that  which  now  sweeps  along  the  east  coast  of 
North  America,  were  to  pass  over  the  submerged  portions  of  our 
island,  there  is  no  reason  why  the  climate  of  this  country  should  not 
assimilate  to  that  of  Labrador,  where  there  is  now  perpetual  frozen 
ground  in  the  latitude  of  Liverpool.  The  question  then  is,  what 
evidence  have  we  that  such  a  current  existed  at  the  commencement 
of  the  Glacial  epoch  ?  Have  we  not  the  evidence  of  the  striaa  on  the 
rocks  and  mountains  of  the  Scandinavian  peninsula,  as  well  as  on  those 
of  our  own  country,  to  show  that,  during  the  period  of  the  submer- 
gence of  these  districts,  icebergs  were  driven  by  an  arctic  current  from 
the  north-east  to  the  south-west  ? — that  the  Polar  Sea  extended  from 
the  White  Sea  to  the  entrance  of  the  Baltic,  spreading  southward 
over  Germany  to  the  confines  of  Switzerland,  which  can  be  traced  by 
the  deposited  boulders  and  other  ice- transported  materials?  Then,  as 
to  the  cause  of  this  return  current.  It  must  be  evident  that  the  Gulf- 
stream  at  that  date  could  not  have  flowed  in  its  present  direction. 
The  arctic  current  coming  down  the  Baltic  must  have  thrown  it 
further  to  the  west,  so  that  in  all  probability  in  its  northern  progress 
it  would  impinge  on  the  east  coast  of  Greenland  and  the  Island  of 
Spitzbergen ;  then  being  deflected  by  the  polar  ice,  it  would  return  by 
the  way  of  the  White  Sea  and  the  Baltic,  so  completing  the  circuit. 

As  the  land  was  gradually  upheaved,  we  may  conclude  that  in  the 
first  instance  the  larger  icebergs  would  be  detained ;  but  there  might 
be  a  considerable  quantity  of  polar  ice  transported,  until  at  length 
there  might  be  only  the  cold  current  left.  And  when,  by  the  upheaval 
of  the  land,  this  was  finally  stopped,  the  Gulf-stream  would  be  di- 
verted to  its  present  channel,  and  by  its  genial  warmth  would 
speedily  terminate  the  Glacial  period.  The  next  question  is,  at 
what  geological  date  did  this  change  take  place  ?  On  this  I  agree 
with  A.  Geikie,  F.R.S.,  in  his  ** Scenery  of  Scotland"  (page  320), 
where  he  mentions  a  raised  beach,  about  40  feet  above  high-water 
mark,  in  which  arctic  shells  have  been  found,  which  he  considers  to 
have  dated  from  the  latter  part  of  the  Glacial  period.     The  next 
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eanent  in  an  oppoaito  diieetaon,a  moveanent  nnilar  to  a  wabni» 
ing  hoiiaontallj  over  two  loUen  inahoie  above  oMbowi  bdaiRi 
idthooi^  thia  oflahoie  omxent  maj  not  have  ■■^"■r'^  -veluoiiy  ti 
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with  the  back  sweep  of  the  wave  it  inll  give  a  propoadefatiDg  di- 
rection seaward  to  the  beach :  hence  the  milliona  of  tone  washal 
down  from  that  bank  in  a  aoath-weal  gale,  to  be  retained  again  not 
day  when  the  wind  has  changed  to  say  weat-norih-weet^  the  Atlantio 
swell  still  continuing.  An  ocean  oorrent  impinging  on  a  ooaat  at  sa 
angle  approaching  to  a  right  angle  will  have  a  similar  efifoot,  with 
this  difierence — ^that  this  action  will  be  constant ;  hence  we  moat  not 
be  surprised  that  under  the  influence  of  the  impinging  action  of  the 
Onlf-stream,  the  sea-beach  is  absent  As,  for  example,  we  can  tiaos 
the  action  of  the  Gulf-stream  from  the  neighbourhood  of  Brest  to 
the  south-west  coast  of  England  as  far  north  as  the  Bay  of  Oamarvoa 
in  Wales,  the  south-west  and  west  coasts  of  Ireland,  the  west  coaii 
of  Scotlimd,  to  the  north  of  Ireland*  the  Orkney  and  Shetland 
Islands,  etc,  and  the  coast  of  Norway  to  the  north  of  the  latitode  of 
Scotland,  as  far  as  the  North  Gape.  It  is  to  be  remarked  that  in 
Norway  to  the  south  of  the  latitude  of  Scotland  the  land  ia  not  so 
deeply  indented  as  to  the  north,  while  the  warmth  of  the  Gkdf- 
streaui  is  not  felt  at  Christiania ;  for  the  winters  are  colder  there  than 
at  Bergen,  which  is  so  much  further  north.  I  may  remark  how 
much  the  west  coast  of  England  is  incumbered  by  sands  to  the 
north  of  Angle8ca,  and  also  that  the  shores  of  the  Bay  of  Biscay  are 
quite  sandy  in  the  neighbourhood  of  Bordeaux,  although  exposed  to 
the  full  Atlantic  swell.  To  this  action  of  the  Oulf-stream  may  we 
not  attribute  the  encroachments  of  the  sea,  of  which  there  exist  so 
many  traditions  as  having  occurred  from  the  coast  of  Brittany  to  the 
Bay  of  Carnarvon?    I  may  remark  that  the  west  coast  of  Patagonia 
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presents  a  not  dissimilar  ooast-line,  whioh  may  be  attributable  to  a 
like  cause — ^the  impinging  action  of  an  ocean  current  So  we  may 
conclude  that  if  the  40  feet  beach  mentioned  by  Mr.  Qeikie  had  not 
been  upraised  before  the  Gulf-stream  impinged  on  that  coast,  it 
would  have  been  swept  down  into  the  depths  of  the  ocean,  as  1  cannot 
find  any  traces  mentioned  of  the  20  feet  beach  where  it  is  not  pro- 
tected by  intervening  land  from  the  action  of  the  Gulf-stream.  On 
the  rising  of  the  land  between  the  White  Sea  and  the  Baltic  above 
the  sea-level,  the  return  current  appears  to  have  been  deflected  into 
its  present  channel  by  Nova  Zembla,  then  west  by  the  north  coast  of 
Iceland,  which  is  now  colder  than  formerly  (Qeol.  Mao.,  Vol.  VIII. 
p.  394),  down  Baffin's  Bay,  etc,,  and  it  would  thus  force  the  Gulf- 
stream  to  the  southward  to  its  present  position. 


isTOTiOES   OIF   :m:e:m:oii2»s- 

L — Pbooxxdinos  of  ths  Bath  Natubal  History  ai7d  Antiquarian 
Field  Club.    Vol.  IL    No.  4.     (1873.) 

TWO  Geological  papers  are  contained  in  this  work : — (1).  Devonian 
Fossils  from  the  Sandstones  on  the  N.E,  of  the  Qtiantocksy  by  the 
Rev.  H.  H.  Win  wood.  The  author  draws  attention  to  the  occurrence 
of  a  series  of  fossils  in  the  dense  bard  grey  sandstones  near  Holford 
and  Alfoxden,  which  Mr.  Efheridge  has  determined  to  be  as  follows : 

Favotitet  cervicomis,  Fensstella  plebeia, 

Fetraia  eeltiea  ?  Aetinoerinus. 

Atrypa  deaguamata?  Plant-remains? 
Tentaeuiites, 

These  organic  remains  determine  the  beds  to  belong  to  the  Middle 
Devonian  Sandstones  on  the  same  horizon  as  Hangman,  and  all  the 
country  from  Ilfracombe  to  North  Petherton,  and  corroborate  the 
first  impressions  which  Mr.  Winwood  formed  from  his  examination 
of  the  beds.  Further,  near  Dodington  Church,  limestone  bsmds, 
containing  Cyathophyllum  caspitosum,  occupying  a  higher  position  than 
the  sandstones  of  Alfoxden  and  Holford,  were  identified  by  Mr. 
Winwood  as  corresponding  in  time  with  the  calcareous  bands  or 
lenticular  masses  which,  in  the  North  Devon  area,  follow  the 
**  Hangman  grits  "  in  geological  succession. 

Having  also  examined  the  beds  at  St.  Audries,  he  considered  that 
they  belonged  rather  to  the  Middle  Devonian  than  to  the  Lower 
Devonian  according  to  Etheridge,  or  to  the  true  Old  Red  Sandstone 
according  to  Jukes.  In  the  words  of  Mr.  Winwood,  we  can  only 
add  that  "  there  is  much  yet  to  be  learnt  of  the  geology  of  these 
hills." 

(2).  The  Geographical  Position  of  the  Carboniferous  Formation  in 
Somersetshire,  with  Notes  on  Possible  Coal  Areas  in  adjoining  Districts 
of  the  South  of  England.  The  Somersetshire  Coal-field  presents 
many  features  of  great  interest,  which  have  been  treated  of  largely 
by  Buckland  and  Conybeare,  G.  C.  Greenwell,  and  J.  McMurtrie : 
more  recently,  an  exhaustive  memoir  on  tlie  same  subject  appeared 
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in  the  report  of  the  Boyal  Coal  CommisBion  by  Mr.  Prestwich,  asnsted 
by  Mr.  John  Anstie.  So  mach,  indeed  the  greater  part,  of  the  woik- 
able  coal  is  hidden  beneath  the  newer  Secondary  rooks,  that  it  ii  t 
subject  of  the  highest  importance  as  to  the  exact  limits  of  the  Coal- 
bearing  strata,  lliis  question  is  now  discussed  by  Mr.  McMuitrie, 
who  in  an  accompanying  map  shows  the  probable  extent  of  the 
Goal-measures  from  Tortworth  to  the  Mendip  Hills. 

After  describing  the  Coal-measure  rocks  tiiat  appear  at  the  sur&oe 
in  this  district,  he  discusses  their  range  beneath  the  Secondary  sixdJBk, 
and  refers  briefly  to  probable  coal  areas  in  adjoining  districts  of  the 
South  of  England.  In  regard  to  the  Coal  south  of  the  Mendips,  be 
considers  it  is  not  unlikely  that  the  southern  margin  of  this  supposed 
basin  may  show  a  transition  towards  the  Culm-measures  of  Devon; 
but  it  is  equally  probable  that  its  northern  margiii  adjoining  the 
Mendips  may  exhibit  the  true  productive  character. 

H.B.W. 


IL — Description  of  a  Specimen  op  Ftbbodacttlxts  michokti, 
IN  THE  Teyleb  Museum.  By  Db.  T.  C.  Winkles,  etc.,  eto. 
Conservator  of  the  Teyler  Museum,  Harlem. 

DB.  WINKLER  has  lately  given  the  description  of  a  new  example 
of  Ptcrodaetylus  micronyz^  found  in  the  Lithographic  Stoue  of 
Eichstatt,  in  Bavaria,  and  obtained  by  Oberforster  Frederick  Spaetii, 
at  Scliemfeld,  in  Bavaria,  for  the  Teyler  Museum,  llie  miniature 
fossil  ekelot^ju,  which  is  nearly  perfect,  with  most  of  the  bones  in 
their  proper  places,  lies  on  its  left  side  on  a  slab  of  Lithographic 
Stone. 

The  following  description  is  given  by  Dr.  Winkler :  Head  slig^dy 
bird-like.  Its  total  length  is  0-035  mill.,  its  height  Q-Oll  mill 
The  frontal  bono  is  entire,  but  the  othera  are  so  hidden  in  the  stone 
that  they  amnot  bo  determined.  The  intermaxillary  bone  is  not 
straiglit ;  as  in  most  of  the  Fterodaciyles,  there  seems  to  be  a  small 
depression  towards  the  middle  of  the  bone,  which  is  001 7  milL  long. 
The  orbit,  in  which  may  be  seen  the  greater  part  of  the  sclerotic 
ring  (about  0001  mill,  in  breadth),  is  nearly  0*008  mill,  in  diameter. 
Dr.  Winkler  supposes  that  this  bony  ring  has  slipped  from  its 
original  j^lace  downwards  and  backwards.  There  is  a  cavity  in 
front  of  the  orbit*  from  which  (owing  to  injury)  it  is  not  entirely 
separated.  The  iiasjd  aperture  is  of  a  triangular  form,  the  aj)ex  of 
the  triangle  being  directed  forward.  The  right  ramus  of  ii\\Q  lower 
jaw  is  perfect.  It  is  0*025  centim.  long,  and  seems  to  be  hollow. 
The  condyle  is  well  seen,  and  on  tho  upper  edge  of  ihe  bone  there 
is  an  apophysis  slightly  elevated  and  pointed,  and  with  a  lai-ge  base, 
which  Dr.  Winkler  calls  the  coronal  process.  The  teeth  are  small 
and  conical ;  the  upper  jaw  contains  at  least  eleven,  the  lower  five 
or  six.     Their  length  is  about  0*001  mill.,  and  they  are  enamelled.' 

*  Dr.  "Winkler  says  in  his  description  that  the  teeth  extend  to  the  extremitj  of  the 
jaws;  but  his  drawing  seems  to  show  a  small  edentulous  portion  in  both  the  appcr 
and  lower  jaws. 
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Beneath  the  lower  jaw  Ib  the  long  thin  bifurcated  hyoid  bone,  the 
horns  of  which  are  0*007  mill,  in  length,  and  the  body  of  the  bone 
measures  0*004  milL  The  neck  is  curved.  The  cervical  vertobrsB  are 
certainly  more  robust  than  the  dorsal ;  but  these  are  all  too  much 
metamorphosed  and  mineralized  to  be  accurately  described  and 
separately  measured.  The  tail  is  short,  and  seems  to  contain  nine 
or  ten  vertebras.  Only  the  debris  of  the  true  ribs  are  seen ;  they 
are  very  thin.  As  for  the  false  ribs,  the  author  cannot  detect  a 
single  trace  of  them,  and  he  agrees  with  Hermann  von  Meyer  that 
the  parts  sometimes  taken  for  those  organs  are  abdominal  ribs. 

The  sternum,  coracoid,  and  scapula  are  too  much  bidden  to 
admit  of  a  descnption.  The  humerus  is  more  or  less  curved ;.  its 
length  is  0*018  centim. ;  the  width  of  the  acromial  extremity  is 
0-003  mill.,  and  that  of  the  cubital  extremity  0-005  mill.  The  fore- 
arm is  composed  of  two  long  bones,  which  seem  to  be  anchylosed 
together.  The  ulna  of  the  right  arm  is  0*023  centim.  in  length; 
the  superior  extremity  of  the  right  radius  is  0*012  mill,  in  width ; 
all  these  bones  seem  to  have  been  hollow. 

Near  the  remains  of  the  fore-arm  are  seen  two  small  very  thin 
hones,  which  Dr.  Winkler  believed  to  be  the  bones  named  "  Spann- 
knochen"  by  the  German  savants;  but  after  a  careful  examination,  he 
found  them  to  be  the  remains  of  the  ossified  tendons  of  the  two 
hones  of  the  left  arm,  as  already  noticed  in  Pterodactylus  Wurtemberg- 
ieus,  by  Quenstedt.  The  carpal  bones  are  not  sufficiently  well  seen 
to  be  described.  The  slender  metacarpal  bones  are  not  visible,  but 
we  notice  the  two  strong  metacarpal  bones  of  the  long  fingers 
belonging  to  either  hand.  Their  length  is  0*022  mill.,  their  width 
m  the  middle  0*001  mill.,  and  at  both  extremities  00015  mill. 
Nearly  the  whole  of  the  fingers  of  both  hands  are  visible.  Of  those 
of  the  left  hand,  which  reposes  on  the  right,  the  first  has  two 
phalanges;  the  ungual  phalanx  still  bears  the  impression  of  its 
olaw.  The  second  finger  has  three  phalanges.  Although  the  ungual 
phalanx  is  nearly  entirely  hidden  in  the  stone,  we  can  nevertheless 
recognize  its  contour  and  that  of  the  claw.  It  is  doubtful  whether 
the  third  finger  has  three  or  four  phalanges. 

As  for  the  three  small  fingers  of  the  right  hand,  which  are  under 
those  of  the  left,  it  is  easy  to  see  that  they  are  exactly  similar.  The 
long  finger  of  the  right  hand  is  composed  of  four  phalanges ;  the 
length  of  the  first  is  0*03  cent.  The  apophysis  of  the  carpal  ex- 
tremity (seen  in  Plerodactylua  apectabiUs)  is  not  visible  in  P. 
micronyx,  being  covered  by  the  matrix.  The  second  plialanx  has 
heen  lost;  but  from  the  impression  it  has  left  in  the  stone,  wo  easily 
obtain  its  length,  which  is  0025  centim.  The  third  phalanx  is 
separated  from  the  preceding  by  the  femur;  its  length  is  0*02 
centim.  The  fourth  phalanx  tapers  off  to  a  point,  without  a  claw ; 
its  length  is  0*021  centimetres.  The  long  finger  of  the  left  hand 
agrees  with  that  of  the  right,  but  is  partly  hidden  by  several  other 
bones.  The  two  femora  are  complete.  That  on  the  right  side  is 
quite  visible;  it  is  a  little  curved,  it  has  a  length  of  0*0i8  centim. 
The  tibial  extremity  is   expanded.     That  on  the  left  side  is  not 
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entirely  shown.    The  tibia  is  a  long  hollow  bone,  of  0-026  oenkia. 
in  length. 

There  is  no  trace  of  the  peronoou.  The  tamia  ia  composed  of  t 
least  three  bulbiform  bones,  and  of  a  bone  wfaioh  haa  a  reaemWanei 
to  the  astragalus. 

The  feet  are  quite  vuible  and  perfect,  with  the  exception  of  put 
of  the  right  foot;  they  are  both  in  the  same  poeitioii.  Th»jatiat 
tarsal  bones  differ  in  length ;  the  first  is  0-OW  milL ;  the  moobI 
0-007  mill. ;  the  third  U  005  mill. ;  and  the  fomtk  0-0085  milL 
The  thickness  is  about  the  same  in  alL  Hie  first  toe  shows  tiv 
phalanges ;  the  second,  third,  and  fourth  seem  each  to  have  thiM 
On  the  outside  of  the  left  foot,  and  more  confnaedly  also  on  thatcf 
the  right,  there  is  a  small  organ  oomposed  of  two  ahort  stnug 
phalanges,  which  the  author  says  cannot  be  a  fifth  toe-bone,  beosm 
it  does  not  possess  any  metatarsal.  Hermann  von  Meyer  oalli  it 
the  *'  Stiimmel  "  (or  stump). 

From  the  preceding  description,  it  i^pears  that  in  oomparing  tUi 
specimen  with  the  species  of  PUrodaeiyliu  most  nearly  related  to  ifc 
•—viz.  Pt,  hreviroMtriSf  Pi,  Metferi,  PL  KoMf  Pt,  speeliafrtlis,  and  ft 
mieranyx — we  find  that  PL  hre9iro9tri»  is  distinguished  £rom  ov 
specimen  by  its  shortness,  by  the  smallness  of  the  oerrioal  Tertebra^ 
the  number  and  dimensions  of  the  phalanges  of  tl^  feet,  tad  thi 
relative  length  of  the  metacarpal  bones.  PL  Meiferi  di£bis  by  thi 
length  of  its  fore-arm,  which  is  greater  than  that  of  ita  metaoaqnn 
and  we  have  seen  that  in  the  Teyler  specimen  these  two  were  eqoaL 
PL  Kochi  presents  the  same  objection  as  PL  Meyeri.  PL  spectoMti 
shows  a  longer  head,  a  shorter  metacarpus ;  the  long  finger  ii 
also  shorter  and  thinner,  the  metacarpus  is  very  different  in  respect 
to  the  relative  length  of  its  bones  as  compared  with  this  specimeiL 
PL  micronyx  (Meyer),  on  the  contrary,  agrees  so  closely  with  it, 
that  Dr.  Winkler  refers  it  without  hesitation  to  that  species.  H« 
also  considers  that  the  small  size  of  his  specimen  indicates  that  it 
was  not  adult,  and  it  is  probable  that  it,  like  PL  hreviroitrii  and 
some  others,  was  only  the  young  state  of  some  other  species. 


Eeseabches  ok  Fossil  Bibds.^    By  M.  Alph.  Milns  Edwabds. 

THE  great  work  on  fossil  birds  by  M.  Alph.  Milne  Edwards  ii 
just  completed,  and  in  a  short  paper  read  to  the  Academy  of 
Sciences,  the  author  has  given  the  general  results  to  which  he  has 
been  led  by  these  researches,  carried  on  for  twelve  years,  duriog 
which  period  about  twenty  thousand  bones  of  birds  have  been 
arranged  from  different  strata,  yielding  nearly  ISO  new  species, 
besicle8  establishing  the  characters  of  the  different  fiEianas,  from  the 
Cretaceous  epoch  to  the  present  time. 

The  new  facts  recorded  have  to  some  extent  confirmed  the  resolfai 
to  which  the  study  of  the  fossil  Mammalia  and  Beptiles  has  led,  and 

1  Abetractod  from  the  Add.  des  Sciences  Naturelles,  1871, 86r.  6,  Zoologies  ton.  xiL 
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y  have  also  enabled  us  to  appreciate  more  fully  the  physioal 
iditions  of  the  globe  at  these  remote  epochs. 
i£  Edwards  infers  from  the  study  of  the  bones  found  in  the  recent 
x>8it8  of  the  Mascarines — and  which  belong  to  extinct  species,  as 

Dodo,  Solitaire,  Aphanapteryx,  Giant  Gkllinule,  Parrots,  etc. — 
t  these  islands  once  formed  part  of  a  greater  extent  of  land,  the 
3rTening  portion  having  been  gradually  submerged,  thus  separating 
m,  as  Mauritius,  Bodriguez,  and  Bourbon,  so  that  these  islands 
ame  the  refuge  of  the  last  representatives  of  the  terrestrial  popu- 
ion  of  more  ancient  times ;  but  the  animals  being  thus  confined  in 
limited  a  space,  and  exposed  to  various  destructive  agencies,  have 
dually  disappeared. 

iCadagascar  was  not  in  immediate  connexion  with  these  islands; 
,  when  the  Europeans  first  visited  them,  they  did  not  find 
mmalia,  except  some  large  Bats.  None  of  the  Lemuriens,  so  re- 
rkable  and  special  to  the  Malagash  fiEiuna,  exist  in  the  Mas- 
ines.  The  study  of  fossil  birds  leads  to  the  same  result.  The  three 
cies  of  JEpyonUs  that  M.  A.  Qirandidier  and  M.  Milne  Edwards 
'e  recognized  among  the  fossils  received  fronk  the  south-west  side 
re  enabled  them  to  recognize  their  afi&nity  to  the  Dinomis,  the 
tomtSj  and  Palapteryflc  of  New  Zealand.  All  the  species  belong 
;he  same  zoologioed  type,  and  prove  that  at  a  more  or  less  remote 
ch  there  existed  a  commonioation  between  these  lands  so  distant 
m  one  another.  Probably  a  group  of  islands  now  submerged 
»nled  intermediate  staticHis,-— of  which,  however,. there  is  no  longer 
r  trace. 

jn  the  first  age  of  Man  the  remains  of  birds,  whether  found  in 
ems  or  elsewhere,  afibrd  valuable  indications  of  the  climatal 
idition  of  the  period.  Some  of  the  species  have  entirely  dis^ 
reared,  a  great  number  of  others  have  gradually  retired  northwards. 
3se  are  the  Grouse  and  the  great  Snowy  Owl,  which  then 
re  extremely  common  in  the  country.  Their  presence  is  signifi- 
it ;  for  if,  according  to  some  naturalists,  the  Beindeer  has  lived  in 
knee  only  since  its  introduction  by  the  Finnish  inhabitants,  the 
le  explanation  cannot  apply  to  birds,  which  have  never  been 
aesticated.  There  are  also  found  in  the  caverns  a  great  number 
qiecies  identical  with  those  which  now  inhabit  temperate  Europe, 
long  others  the  Domestic  Fowl,  believed  to  be  originally  from 
lia,  but  which,  on  the  contrary,  has  been  coeval  with  the  first  age 
Man.  The  middle  Tertiaries  have  especially  afforded  a  rich 
lection.  Thus,  in  the  Department  of  the  AUier,  about  70  species, 
srred  to  various  groups,  have  been  recognized,  some  of  which  do  not 
ong  to  the  present  fauna.     The  Parrots  and  Trogons  inhabited 

woods;  the  Edible  Swifts  built  their  nests  among  the  rocks,  similar 
hose  found  at  present  in  certain  parts  of  Asia  and  the  Indian  Archi- 
ago.    A  ** Secretary-bird'*  {Gypogeranm),  closely  related  to  that  of 

Cape  of  Gk)od  Hope,  sought,  in  the  plains,  the  Beptiles  which,  at 
§  epoch  as  now,  form  its  natural  food.  The  great  Marabout  Stork 
imingo,  and  Palaodus,  birds  of  singular  forms,  lived  at  the  same 
.e  with  the   ordinary  Wading   birds.     The  Ibis  frequented  the 
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margins  of  rivers,  where  insects  and  mollttscs  mboimded ;  the  PelioBi 
■warn  on  the  lakes;  lastly,  the  Gamga§  and  many  Gailinaoes  aaHni 
in  giving  to  this  ornithological  fauna  a  Tetr  striking  phjaiognoBy. 
which  recals  the  pictures  that  Livingstone  has  sketdbed  in  certain  laka 
of  South  Africa.  Some  forms  were  veiy  common  in  tlieae  old  MiooM 
alluvium  deposits  of  Saint-Gerand  le  Pay,  of  Yanniaa,  etc.,  wUi 
others  were  rare  or  only  represented  by  a  few  bonea. 

The  aqoatic  species  are  most  common,  the  remains  of  Docks  beog 
nnmeroos.  On  the  other  hand,  the  Cormorant  is  found  only  in  ceztu 
parts,  showing  that  at  this  epoch,  as  at  present,  these  birds  were  verj 
locally  restricted.  The  small  Diver  {^Colfmhaide»  wummbu)  is  lot 
abundant  than  the  Sea-gulls,  of  which  two  spedes,  Larms  elegoMM  ui 
L.  toianaid^s,  were  very  nnmeroos.  It  is  the  same  for  some  of  tk 
shore-birds  belonging  to  the  genera  Toiamms  and  Trimga  (Ssnd- 
pipers),  whilst  the  ElorimM  and  A'siaalopiu  (Stilt)  are  xepI^ 
sented  by  few  individuals,  yumerons  bones  of  Ibis  and  of  FaUnim 
ambiguut  are  found.  The  four  other  species  of  this  genoa — P,  graeOifa, 
P.  minutus,  P.  crtissipes,  P.  goliatk — are  fiir  less  common. 

Portions  of  the  skeleton  of  the  Flamingo,  bat  rarely  foimd  entifa^ 
occur  at  St.-6erand  le  Puy ;  while  at  Coumon  and  Chaptazat  they  SR 
well  preserved.  Bones  of  young  individuals  have  been  foond  ooee 
at  Marabout  Cranes  are  rare,  their  bones  are  nearly  always  broken, 
and  often  gnawed  by  Bodents,  as  if  they  had  remained  somi 
time  on  the  shore  before  being  imbedded  at  the  bottom  of  the  lakfl; 
Tlie  Kails,  Gallinaceae,  Pigeons,  Gangas,  Passerines,  Baptores,  and 
the  Parrots  have  left  only  few  traces  of  their  existence-  Tliese  birds, 
from  thfrir  habits,  are  not  constantly  found  on  the  mai-gin  of  lakes  and 
water-courses ;  their  remains  may  have  been  destroyed  or  devoured 
in  place,  and  it  could  be  only  under  exceptional  conditions  that  they 
might  have  been  carried  into  lacustrine  alhmums.  It  was  only  after 
ten  years'  exploration  of  these  deposits  by  M.  Milne  Edwards  that 
bones  of  the  Parrot,  Ganga^  Secretary-bird,  and  of  Baptores  were 
found  ;  and  some,  of  which  remains  were  long  since  found,  have  not 
again  occurred.  The  majority  of  these  birds  appeared  not  merely  to 
have  chosen  this  district  as  a  passage-station,  but  (if  they  did  not 
inhabit  it  throughout  the  year)  they  at  least  built  their  nests,  as  is 
evident  from  the  fossil  eggs,  which  are  found  in  a  perfect  state  of 
preservation,  and  the  great  mass  of  bones  of  young  birds,  of  which 
the  epiphyses  were  not  even  anchylosed. 

Many  Mammalia,  belonging  to  different  orders,  lived  with  these 
birds.  The  Carnivores,  Bodents,  Buminants  and  Pachyderms  wore 
abundant,  llic  Cainotheria  collected  here  in  numbers,  and  served 
as  food,  not  only  to  the  Amphycyon,  but  also  to  the  small  Camivora 
which  frequented  the  shores,  as  the  Lutrictis,  Plesiogalea^  the  Phsictiit 
of  which  there  are  many  species.  All  the  bones  of  birds  from 
the  Miocene  stmta  of  Weissenau,  in  the  Maycnce  basin,  present  a 
complete  similarity  to  those  from  the  Department  of  the  Allien 

The  ornithological  fauna  from  the  celebrated  deposit  of  Sansan, 
in  the  Department  of  Gers,  presents  another  character.  None  of  its 
rej>resentutives  are  found  in  the  iucu»tiine  deposits  of  the  Bourbonnais 
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and  the  Limagne;  and  if  the  majority  of  the  species  belonged  to 
families  existing  in  oontemporaneoos  French  fauna,  not  one  is  known 
liTing,  and  many  present  sufficient  characters  to  form  distinct  genera. 
A  form  of  Parrot,  Psittaeua  Lartetianus,  more  slender  than  that  of 
Allier,  is  one  of  the  most  interesting  species  found  in  this  rich 
deposit  Gallinaceous  birds,  of  great  size,  scarcely  inferior  to  the 
Peacock  and  true  Pheasants,  inhabited  also  the  margin  of  the  small 
lake  in  which  was  accumulated  the  deposits  which  now  constitute 
the  hill  of  Sansan. 

Numerous  Passerines,  recalling  the  '  Bengalies '  and  the  '  Sene- 
galiefi'  ("Wax-Bills"),  also  frequented  the  water  margin.  The 
marine  Faluns  of  the  Loire  have  yielded  only  a  few  species  of  birds. 
A  Ck)rmorant  has  been  recognized  nearly  as  large  as  that  which  now 
lives  on  our  ooasts ;  also  a  G^se,  a  little  smaller  than  the  Bemacle, 
a  Heron,  and  a  Pheasant. 

The  beds  of  gypsum  in  the  vicinity  of  Paris  contain  many  impres- 
sions of  the  skeletons  of  birds.  These  birds  are  very  distinct  from  the 
existing  forms;  and  notwithstanding  M.  Milne  Edwards'  repugnance 
to  increase  the  already  too  numerous  generic  divisions,  he  has  been 
obliged  to  form  fresh  genera  for  many  of  them.  Thus  the  Oryptomis 
antiquus  was  nearer  the  Calaos  than  any  other  known  type.  The 
LauriUardia  and  the  PdUeogithalus  belong  to  the  Passerines,  but  are 
distinguished  from  all  those  at  present  known. 

The  Palaortyx  is  gallinaceous,  and  resembles  the  Quails  in  form, 
but  is  very  distinct  from  these  birds;  the  OypBomts  is  the  giant  of  the 
family  BaUidcB,  it  nearly  attained  the  size  of  the  Stork ;  the  Agnopterus 
resembles  the  Flamingoes,  although  it  presents  some  special  characterp. 

The  singular  form  of  these  Eocene  birds  makes  us  regret  our 
present  want  of  knowledge  of  those  of  the  Cretaceous  period. 
There  are,  unfortunately,  only  a  small  number  of  fresh-water 
deposits  of  this  period.  It  is  then  not  extraordinary  that  we  have 
noticed  only  a  few  traces  of  land  animals  which  existed  during  the 
accumulation  of  these  thick  (chiefly  marine)  strata.  Perhaps  in  this 
formation  we  may  yet  discover  new  zoological  forms,  that  may  fill 
up  the  great  gap  which  exists  between  the  Jurassic  Arehaopteryx 
and  the  typical  iHrds  of  the  Tertiary  period. — J.M. 


.A.25rx>  i^ieooEE3Diisra-s, 


I. — ^Leeds  Naturalists'  Field  Club  and  Scientific  Association. — 
August  5,  1873. — "The  Permian  Rocks  of  the  Neighbourhood  of 
Leeds."  By  Mr.  Louis  C.  Miall,  Curator  to  the  Leeds  Philosophical 
and  Literary  Society.  The  author  first  described  the  base  of  the 
Permian  system.  The  Carboniferous  rocks,  having  been  disturbed, 
thrown  into  anticlinals,  and  faulted,  were  greatly  denude:!,  and  the 
Permian  rocks  were  then  deposited  upon  the  new  surface  thus  pro- 
duced. He  then  considered  the  conditions  of  deposit  of  the  Mag- 
nesian  Limestone.  The  abundance  of  mineral  salts,  exclusive  of 
carbonate  of  lime,  the  scantiness  of  animal  life,  and  the  dwarfed 
of  the  Mullusca,  all  point  to  deposition  in  an  inland  sea  or  con- 


422  BiportBomd 


fined  basin,  similar  to  the  Ckipun,  Detti  B0ii»  or  GtMfc  Sdt  I«farf 
the  present  daj.  Daring  the  Triassic  period  Are  ptewiuua 
sarfaoe  appean  to  have  beoome,  in  part  at  leaat^  toRsatrial  a 
water.  At  a  muA  later  period  tho  Peimiaii  ioek%  widi  odMn  d 
sabseqoent  formation,  ware  dennded  ezteBsivoIy  and  lodaoed  to  is 
state  in  which  they  now  oecnr.  The  Pennian  acuoa  of  the  M^ 
bouihood  of  Leeds  were  then  specially  lefinredtSL  'JHrn  Jjf^wantm 
Bed  Sandstone  of  Sonth  Tcrkshiie  (the  Pomfini  Book  of  Smi&) 
does  not  appear  to  he  present^  at  all  OTonts  in  a  oonapieooaa  stats,  m 
this  district.  The  so-called  Lower  New  Bed  Sandstope  of  Plni^ta 
is  nndeabtedly  of  Carboniferoos  age.  The  Upper  nnd  Lorn 
Magnesian  Limestone  are  well  dinlayed.  Yarioos  neotioas  of  thw 
rocks  at  Bigton,  East  Keswick,  Colfingham,  Whin  Moor,  aad  Knant- 
borough,  were  described  in  the  paper.  Bemarics  on  the  ec^onr  of  Aft 
soil  produced  by  underlying  Permian  rocks,  on  the  lew  fnsnils  whidk 
haTo  ooeorred  at  Oarfoith  and  Cold  Hill,  near  Sheihiuii,  and  <m  Aft 
superficial  drift,  concluded  the  peper. 

n. — GbOUX2I8TS'  AesooiATiov. 
KxcuBsiON  TO  Hattield,  June  28thw — ^Director:  J.  Logan  Lohky, 
EFq.,  R6.S.  After  passing  through  the  fine  old  peik  of  Hatfield, 
which  had  been  courteously  thrown  open  by  the  If  nvquia  of  Sdii* 
bury,  and  so  traversing  for  a  mile  the  extreme  northern  edge  of  Aft 
London  Tertiary  Basin,  tiie  psrfy  examined  the  inteveeting  seetiGB 
on  the  eastern  boundary  of  the  park.  This  exposure  shows  tbe 
Woolwich  and  Eeading  beds  lying  on  the  Ohalk,  and  capped  by  tbe 
''  Basement  bed  "  of  the  London  Clay.  The  similarities  and  dif- 
ferences between  this  and  other  sections  showing  Tertisoy  beds 
above  the  Chalk  having  been  pointed  out,  the  members,  by  a  north- 
western route,  proceeded  to  the  cutting  on  the  railway  north  of 
Hatfield,  where  a  section  nearly  half  a  mile  in  length  exposes  tbe 
Middle  Glacial  sands  and  gravels  with  a  thin  overlying  sheet  of 
Boulder-clay  forming  the  subsoil  of  the  land.  From  this  place  to 
Hatfield  all  the  railway  sections  were  observed,  and  the  memben 
afltervi'ards  returned  to  London. 

ExcuBsiON  TO  Plumsted  Am)  Cbossnkss,  July  5th. — Directors: 
Mr.  Henry  Walker,  F.<J.S.,  and  Mr.  F.  K  Houghton.  A  walk 
over  the  old  river-bed,  now  the  Plumsted  Marshes,  brought  the 
visitors  to  the  Crossness  Works,  where  an  excavation  had  been 
made,  that  the  members  might  see  an  exposure  of  the  **  Forest-bed  " 
and  the  overlying  **  Marsh  Clay."  From  the  recently  opened  exca- 
vation numerous  stools  of  small  trees,  chiefly  yew  and  alder,  were 
lying  around  on  the  ground.  Though  these  are  quite  soft,  and  may 
be  cut  like  cheese,  yet  the  organic  structure  is  beautifully  preserved. 
At  the  river-bfuik  Mr.  Walker  and  Mr.  W.  Whi taker,  who  were  with 
the  party,  briefly  and  generally  described  the  river-valley,  afler 
'^hich  the  members  proceeded  through  the  great  engine-honse  to  the 
school-room,  where  Mr.  W.  Whitaker  delivered  a  lecture  on  tbe 
^ttUey  Deposits,  aided  by  ela])orate  sections,  which  had  been  pre- 
pared by  Mr.  Houghton.  Mr.  Whitaker  considered  the  &alt  running 
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long  the  base  of  the  hills  bounding  the  valley  to  be  of  mnoh  older 
ate  than  the  valley,  and  that  very  muoh  had  been  removed  by 
enndation  since  the  formation  of  the  fault.  Subsequently  a 
isit  was  paid  to  a  well-boring,  whioh  had  been  suspended  for  some 
me,  but  was  now  about  to  be  resumed.  The  present  bottom  of 
18  boring  is  in  the  Ghtult,  specimens  of  which  were  shown,  and  it 
t  hoped  that  when  this  formation  is  passed  through,  an  abundant 
apply  of  good  water  may  be  obtained  The  members  returned  by 
.bbey  Wood  Station  to  London. 

ExouBsiON  TO  THE  Malvsrn  Distbiot,  July  21st,  and  five  follow- 
ig  days. — Directors :  Dr.  Grindrod,  F.G.S. ;  Eev.  W.  S.  Symonds, 
LA.,  F.G.S.;  and  Rev.  R.  Dixon,  M.A.,  P.Q.S.— Monday,  July  21.— 
Sarly  in  the  afternoon  the  members,  who  had  arrived  from  widely 
3parated  parts  of  England,  assembled  in  Dr.  Grindrod's  Museum, 
t  Great  Malvern,  the  contents  of  which  were  described.  The  ool- 
3ction  is  of  great  value,  and  consists  almost  exclusively  of  Palceozoic 
>88ils,  with  specimens  of  the  rocks  and  minerals  of  the  district,  and 
icludes  a  case  of  TriUhites  which  is  perhaps  unrivalled.  The 
Worcestershire  Beacon  was  then  ascended,  and  from  the  summit  of 
[lis,  the  highest  of  the  Malvems,  the  surrounding'  country,  abound- 
ig  with  geological  interest,  was  surveyed.  The  ridge  of  the 
lalvems,  composed  of  metamorphic  syenitic  rock,  and  forming 
Tobably  some  of  the  oldest  existing  land,  extends  north  and  south 
>r  about  nine  miles,  with  Palaeozoic  strata  on  the  west,  and 
fesozoic  on  the  east.  From  its  crest  may  be  seen  the  igneous  mass 
f  the  Wrekin,  the  Cambrian  Longmynds,  the  Silurian  Ludlow  pro- 
lontory-Valley  of  Woolhope,  and  elevation  of  May  Hill,  the  Old 
ted  country  of  Herefordshire,  the  Carboniferous  Forest  of  Dean, 
be  Triassic  and  Liassic  Vale  of  Severn,  or  "Straits  of  Malvern," 
rith,  beyond,  the  Oolitic  escarpment  of  the  Cotteswolds.  The 
ihysical  geology  of  the  Malvems  and  their  surroundings  having 
teen  described,  the  party  descended  the  western  side  of  the  hills,  and 
t  West  Malvern  examined  the  "  conglomerate  of  Main  Phillips," 
(rhich  here  lies  against  the  Syenite,  and  then  rounding  the  northern 
nd  of  the  range,  the  members  reached,  by  a  delightful  walk,  their 
emporary  home  at  Great  Malvern. — Tuesday,  July  22. — On  the 
econd  day  the  train  was  taken  to  Ledbury,  where  the  Eev.  Mr. 
lymonds  met  the  party,  and  at  once  led  the  way  to  an  eminence, 
rom  which  was  obtained  a  view  of  the  Old  Red  district  to  the  west, 
nth  Walls  Hill,  capped  by  the  Comstones,  at  about  two  miles*  dis- 
ance.  After  listening  to  a  brief  lecture  at  this  point,  the  members 
•roceeded  eastwards,  and  examined  sections  of  Aymestry  Lime- 
tone,  Lower  Ludlow,  and  Wenlock  Limestone,  containing  the  usual 
pecies.  Eastnor  Park  was  traversed,  with  its  narrow  band  of 
Voolhope  Limestone,  and  broad  expansion  of  Upper  Llandovery. 
Ls  the  Volcanic  Ragged  Stone  Hill  was  approached,  an  exposure  of 
^eous  rock  was  met  with,  and  shortly  afterwards  the  Holly  Bush 
tandstone  was  seen  near  the  valley  of  the  White-leaved  Oak,  where 
Ir.  Symonds  provided  luncheon  for  the  party.  A  neighbouring 
ection  of  the  core  of  the  hUl,  with  its  envelope  of  metamoi*phic 
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rock,  oorered  by  <m  one  side  tlie  Holly  Blah  8Mwhtoiiii»  ikkatk 
the  memben  for  eome  tune,  and  tlini  llie  voad  was  takn  If 
Howler's  Heath,  nesr  which  mssses  of  Upper  Ussdo^erj  FaEsasi 
breccia  and  Banter  Sandstone  are  conspicnoosly  egpoaed.  Hie  Bsf. 
Mr.  Hill  entertained  the  party  at  his  rectoiy  dT  Broomsberrofv,  ail 
sabfleqnently  the  road  by  Clencher's  Mill,  where  Mnmmijian  drift 
occurs,  was  followed  past  Eastnor  to  Ledbory,  wlienoe  Mal^ten  VM 
quickly  reached  by  raiL — Wednesday,  Joly  28^ — Una  moniing  tk 
members  drove  over  the  Triassic  plam,  at  tiie  base  off  the  Malvern^ 
to  Borrow  Church,  near  which  rises  the  Liassie  outlier  of  Boimr 
HilL  Exceedingly  interesting  sections  of  the  Dppor  Keoper  Sand- 
stones, with  Ikikeria  susalo,  and  abundant  plant-nmnahiaj  and  of 
the  overlying  variegated  marls.  Hie  sandstones  were  oarefnllf 
examined,  and  briefly  described,  by  Mr.  Symonds  and  Mr.  J.  Flsat 
At  Pendock  Bectory  the  members  were  most  hospitably  entertained 
at  luncheon  by  the  Bev.  Mr.  Symonds,  who,  after  ooDdoctii^  hii 
vftritors  to  the  ancient  Pendock  Church,  where  Mr.  J.  Parker,  of 
Oxford,  gave  an  excellent  lecture  <m  its  an^iaology,  led  the  wiy 
across  the  Trias  to  the  east,  until  Pull  Court  was  reached,  llien 
the  Severn  high  level  drifts,  whidi  have  yielded  remains  of  EUpkM^ 
were  seen ;  then  the  route  was  continued  to  the  Severn,  with  its 
striking  section  of  the  Upper  Keuper  Marls  nesr  Tewkesbuzy,  and 
from  Ibis  town,  in  tlM  centre  of  tiie  '^  Malvern  Strdta,"  the  party 
returned  to  Malvern. — ^Thursday,  July  24.— Hie  fourth  day  wm 
devoted  to  the  attentive  study  of  the  Valley  of  Woolhope,  under  the 
guidance  of  the  Rev.  Mr.  Dixon,  who  conducted  the  members  to  the 
most  advantageous  points  and  Bectioos,  and  aided  by  maps,  enabled 
all  who  followed  him  to  master  the  geology  of  this  remarkable 
valley.  Leaving  Stoke  Edith  station,  and  crossing  the  two  en- 
circling rims  of  Aymestry  and  Wenlock  Limestone,  and  the  broad 
interior  band  of  Woolhope  Limestone,  the  central  dome  of  Upper 
Llandovery,  covered  by  Hangh  Wood,  was  reached.  Descending  to 
Mordiford,  the  party  emerged  from  the  valley  at  the  gorge  near  that 
village,  and  traversing  the  exterior  slope  of  Old  Bed  along  the 
valley  of  the  Frome,  passed  through  Stoke  Edith  Park  to  Tarrington, 
where  a  brief  visit  was  paid  to  the  inn  used  by  Murchison  while 
exploring  the  district.  IVom  Stoke  Edith  the  train  was  taken  to 
Malvern. — Friday,  July  25. — Heavy  rain  detained  the  members  in 
the  museum  of  Townshend  House  on  the  morning  of  the  fifth  day ; 
but  an  opportunity  being  thus  afforded  for  a  re-examination  of  Dr. 
6rindro<l's  collection,  the  time  was  by  no  means  unprofitably  spent 
In  the  afternoon  the  hills  were  crossed  by  the  Wyche  Pass,  and  the 
Malvern  Syenite,  with  its  epidote,  carefully  examined.  At  Golwell 
Copse  the  Wenlock  Limestone  is  well  seen  in  an  extensive  quarry, 
and  yields  the  usual  Wenlock  species.  When  the  hills  were  re- 
ascended,  the  Upper  Llandovery  was  found' reposing  at  a  high  angle 
against  the  central  ridge  of  Syenite.  Eeturning  to  the  eastern  side 
of  the  range,  the  Bunter  Sandstone  of  the  Trias  was  also  seen 
resting  on  the  Syenite.  In  the  evening  a  conversazione,  in  honour 
of  the  visit  of  the  Association  to  Malvern,  was  held  at  Townshend 
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House,  wbicb,  with  its  extensive  winter  promenade  and  spacious 
museum,  was  thrown  open  to  a  large  company  of  visitors,  to  whom  the 
members  of  the  Association  described  Dr.  Orindrod's  pala&ontological 
treasures.  Later  in  the  evening,  the  Vicar  of  Malvern  in  the  chair, 
geological  addresses  were  delivered  by  Mr.  M.  Moggridge,  F.Q.S., 
of  Mentone,  and  Mr.  J.  Logan  Lobley,  Hon.  Sec. — Saturday,  July 
26. — On  the  morning  of  the  concluding  day  the  Geological  Museum 
in  Malvern  College  was  inspected,  and  afterwards  carriages  were 
taken  to  the  Herefordshire  Beacon,  which  was  ascended,  and  its 
Bonthem  extension  traversed  to  Eastnor  Park.  A  lane  section, 
near  the  Somers  Obelisk,  of  (Tpper  Llandovery,  yielding  Cienadanta 
Eiisinorif  and  LingtdeUa  paraUelat  and  L.  crumena,  occupied  attention 
for  some  time;  and  then  skirting  Midsummer  Hill,  exposures  of 
Holly  Bush  Sandstone  and  the  "  Black  Shales  *'  were  reached  and 
carefully  examined.  At  a  boss  of  igneous  rock  not  far  distant,  the 
members  took  leave  of  their  director,  and  cordially  thanked  him 
for  his  exertions  for  the  success  of  the  week's  proceedings.  During 
the  evening  the  members  departed  from  Malvern  for  their  several 
homes. 


THE  8ARSEN  STONES. 

Sib, — ^I  have  just  read  the  Rev.  J.  Adams's  paper  on  "  Sarsen 
Stones,"  and  I  think  I  can  throw  some  light  on  their  origin. 

I  had  seen  portions  of  "  Grey  Wethers "  and  of  Stonehenge  before 
I  left  England,  and  when  I  lived  at  St.  Germains  I  remarked  in  the 
Museum  two  whetstones  for  flint- weapons  made  of  similar  fawn- 
coloured  siliceous  sandstone.  A  similar  stone  is  now  quarried  near 
the  town,  and  in  the  quarry  I  found  a  detached  mass  of  Pudding- 
stone,  with  nodules  of  flint  three  by  two  inches,  larger,  much  larger 
than  any  I  have  seen  in  the  English  Pudding-stone.  Between  St 
Germains  and  Grignon,  still  within  the  forests,  there  is  a  most  ex- 
tensive quarry  of  the  same  stone,  which  is  used,  I  believe,  not  only 
for  road  metal,  but  also  for  millstones,  etc.  It  is  there  about  eight 
feet  thick,  without  fossils  or  any  lines  of  stratification  or  deposit,  but 
it  is  fissured  at  intervals  perpendicularly,  and  it  is  by  these  fissures 
that  it  can  be  broken  up.  Its  surface  is  embossed  in  the  most  extra- 
ordinary manner,  or  perhaps  I  should  say  hollowed  out  into  pits  of 
dififerent  depths  from  nine  inches  to  two  feet,  the  internal  portions 
varying  also  in  depth  below  the  general  level,  but  never  running 
Into  each  other,  so  that  when  I  saw  it,  it  was  full  of  little  pools  of 
water. 

I  was  unable  to  trace  this  massive  rock  in  its  relation  to  the 
dalcaire  grossier ;  but  at  a  short  distance  I  found  small  blocks  im- 
bedded in  loose  sand  of  the  same  colour,  containing  Cerithia  and 
Dther  Grignon  fossils,  which  I  could  not  distinguish  from  the  mass, 
ind  I  believe  it  is  from  this  bed  that  the  shells  in  the  Paris  Seine 
gravel  are  derived,  for  similar  shells  from  Calcaire  grossier  are 
usually  only  casts,  and  are  too  fragUe  to  bear  the  friction  of  the 
^veL 
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Lastly,  I  found  in  the  raised  beach  at  Brigbtcm,  a  little  pm 
which  I  think  I  showed  to  yoa,  in  oompaiiaon  with  a  pebble  of  diik 
red  sandstone  yon  had  obtained  from  die  same  depoaii,  and  I  vm- 
tioned  that  the  one  was  too  light  and  the  other  too  dark  to  be  lb 
Gres  de  May,  or  Caradoc  Hartshill,  or  Lickey  Qnartzite,  or  SandstOM. 

Instead  of  returning  home  from  Brighton,  I  went  oa  to  SelHi» 
and  there  on  the  shore  I  saw  several  large  blocks  of  the  same  itoni^ 
so  this  proves  that  they  lay  above  the  London  Clay. 

This  is  quite  different  from  the  Chalk  conglomerate  which  oipi 
some  of  our  Chalk  hills  here,  and  is  evidently  still  in  prooess  of  fonsi- 
tion,  by  the  agglutinating  power  of  the  oxide  of  iron  so  abuidsit 
above  the  Chalk. 

I  have  never  been  at  Fontainebleau,  but  I  should  consider,  from  its 
position  above  the  Calcaire  groesier,  that  the  St.  Glermains  stone  is 
the  same ;  but  though  I  found  the  block  of  pudding-stone  lying  ia 
the  quarry,  I  never  could  learn  whether  it  formed  a  continuous  bed, 
though  I  asked  l^Ions.  Mortillet  about  it  The  French  querns  an 
formed  from  a  pudding-stone  with  small  flints,  just  like  the  Engliik 
querns,  and  are  of  the  same  size. 

The  bit  of  stone  inclosed  is  from  one  of  the  small  blocks.  He 
smaller  piece  is  from  a  Selsea  block  without  fossils. 

24,  Htdb  GA&DEsrg,  Eastbou&xb.  T.  Ooub  Wa£J>. 

FENTACRINUS    PBISCU8,    GOLDF.,    IN    THE    LOWER    DSTONIAX, 

MEADFOOT  SANDS,  NEAR  TORQUAY. 

SiK, — A  high  authority  in  the  geological  world  has  said,  with 
respect  to  the  Crinoidea,  "It  is  perfectly  useless  to  do  anything 
without  the  cups,"  and,  probably,  this  ought  to  have  deterred  me 
from  sending  you  the  iucloscd  rough  sketch  of  a  fossil  which  is 
found,  though  somewhat  rarely,  in  the  Lower  Devonian  shales  and 
grits  of  Mcadfoot  Sands,  near  Torquay.  The  sketch  is 
magnified  three  diameters,  and  though  only  known  to  us 
hitherto  in  the  shape  of  impressions,  yet  the  characters 
are  so  very  well  marked,  notwithstanding  imperfect  speci- 
mens hitherto  found,  that  I  am  tempted  to  send  you  a 
notice  of  its  occurrence,  as  it  has,  1  believe,  been  hiUierto 
undescribed  from  the  English  Devonian.  It  is  apparently  the 
Feniacrinitcs  priacus  of  Goldfuss,  plat©  liii.  fig.  lab,  and  the  specific 
characters  he  gives  are  very  nearly  the  same  as  those  of  our  specimens. 

Column  subpcntagonal ;  joints  either  all  of  equal  size,  or  alter- 
nately larger  and  smaller.  The  joint  faces  rather  hollow,  with  a 
rosette  of  five  oval  leaves,  rather  pointed  at  the  extremities  (in  the 
impression  this  rosette  slightly  projects).  The  radiating  lines  some- 
what large,  but  few  in  number;  those  between  the  leaves  meeting 
each  other  iji  angles,  three  or  four  between  each  pair  of  leaves ; 
those  towards  the  ends  of  tho  leaves  going  direct  to  the  circum- 
ference of  the  joint. 

These  fossils  have  been  found  hitherto  almost  exclusively  in  sandy 
grit,  not  in  limestone ;  and  in  nearly  every  case  in  the  same  beds 
with  the  F/eurodictyum  problemaiicum.  As  they  are  only  casts  or 
inpreasions,  it  is  difOicult  to  &a^  yi\i^^<^x  >;)iLi<^  yAxl\a  oitemate  in  size 
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or  not;  but  from  an  examination  of  several  casts  the  former  is 
probably  the  ease. 

Some  oth^  i^peoies  <yf  Penttierinus  have  the  joint  faces  ornamented 
with  lines  placed  somewhat  in  a  similar  manner;  as,  for  instance,  the 
PeiUacrinuB  lamgatve  of  the  St  Cassian  beds  (Laube,  tab.  viii.  a, 
fig.  21),  and  joints  are  found  in  the  gpreensand  of  Chute  Farm,  with 
ornamentation  of  the  same  kind ;  but  in  neither  of  these  cases  do  the 
lines  meet  at  such  a  decided  angle  between  the  leaves  as  in  the 
Devonian  specimens. 

It  will  be  seen  that  in  the  fossil  sketched  one  of  the  leaves  is 

imperfect — I  remain,  ^a,  John  Edwasd  Lkb. 

\tLUL  9ywlaooma^  TosavATy 
l9t  Auguti^  1873. 

ABSTRACTS  OF  GEOLOGIOAL  PAPERS. 

Sib, — ^Any  one  who  has  occasion  to  follow  the  progress  of  Chemical 
Science  will  readilj  admit  that  his  labour  has  been  much  lightened 
since  the  Chemicsd  Society  has  introduced  the  plan  of  publishing 
monthly  abstracts  of  the  more  important  papers  selected  from  both 
British  and  Foreign  Journals.  It  occurs  to  me  that  this  example, 
set  by  the  Chemists,  might  be  followed,  with  great  advantage,  by 
the  Geologists.  The  Journal  of  the  Geological  Society,  it  is  true, 
publishes  the  titles  of  a  great  number  of  papers  bearing  upon  our 
Science ;  but  a  bald  list  of  titles,  even  if  it  extend  to  a  complete 
bibliography,  can  have  but  veiy  limited  value,  and  in  many  cases 
must  be  well-nigh  useless.  Nor  would  it  suffice  to  follow  each  title 
by  a  notice  limited  to  a  few  lines,  as  is  done,  for  example,  in  the 
'  Verzeichniss  der  Anthropologischen  Literatur,'  which  forms  an  ex- 
cellent feature  in  the  Archiv  fir  Anthropologie.  Such  short  notices 
havoi  of  course,  their  measure  of  value,  but  would  be  scarcely  full 
enough  to  fairly  represent  the  progress  of  an  important  science  like 
Oeology.  Even  the  publication  of  an  annual  volume,  similar  to  The 
Zoological  Becord,  to  Delesse  and  De  Lapparent's  B^ue  de  O^ologie, 
or  to  Kenngott's  Uebersicht  der  Besultate  Mineralogischer  Forschungen, 
would  be  far  from  satisfactory  when  compared  with  the  admirable 
system  adopted  by  the  Chemical  Society.  By  means  of  that  system, 
the  English  chemist  learns,  as  early  as  possible,  what  is  going  on  in 
each  department  of  his  science,  and  is  furnished  with  abstracts 
sufficiently  full  in  most  cases  to  put  him  in  possession  of  the  main 
points  in  each  paper.  This,  or  something  akin  to  this.,  is  just  what 
the  geologist  needs.  Perhaps  the  student  who  confines  his  attentioiv 
to  British  Geology  may  not  fully  realize  the  want  of  such  a  work  as 
that  now  advocated ;  but  its  value  wUl  assuredly  be  recognized  by 
those  who  have  occasion  to  spend  much  time  in  frequent  reference 
to  the  Transactions  of  Foreign  Societies.  As  the  British  Association 
deems  the  publication  of  the  Zoological  Becord  and  of  the  Chemical 
Society's  Abstracts  sufficiently  important  to  aid  both  these  works 
by  grants  of  money,  it  may  be  worth  while  considering — now  that 
we  are  on  the  eve  of  the  Bradford  Meeting — whether  Geology  has 
not  equal  claims  on  the  funds  of  the  Association. 

JxRMTN  Street,  *  "B .  ^ .  ^^^^^^a** 

Auf^iu/  18,  1873. 
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OX  A  5XW  MRHOD  OP   WRlTUtt  GETBXAIJUIGUkniC 

FOBMULB. 

Sn, — ^All  nunenloguta,  or  at  maj  nte  aD  wliuti  Imd  lot  ikiiti 
be  commcnciiig  the  ttadj  of  minenilagj,  mmt  cwwfKaHj  agrae  vA 
Mr.  Batley  thai  it  <<  woold  doobtleM  be  |ayJuottie  of  araok  mA- 
ftcticm  if  a  nnivefail  sjsfeem  of  cryatdlogE^ihie  woJatMi  ooaU  b 
adofited.'*    There  ie  no  doabt  that  the  manj  iBIimltifla  with  vVA 
minenlogy  nnnctoawnfly  briatiea  are  huj^j  doa  fo  confbwBa, » 
salting  from  the  oonflida  of  riral  mcflioda  off  alaoKfiDBtioB  nl 
nomeiKdatiirey  and  of  diffierent  sjatenia  of  11  jiialli  fgiaiilij     I  laM 
carefoUr  compared  the  new  method  imfoHed  l^,  lu*.  Hatlej  iafla 
Geol.  Mjlq.  for  Joly  (p.  299)  with  the  principal  ■jatiiine  novk 
Togoe,  and  as  it  doea  not  seem  to  hare  mniti  ao  pva-endiient  m  U 
insure  its  sweeping  all  othen  from  the  field,  it  ia  doabtfal  wheAs 
its  partial  aooeptanoe  will  not  place  one  num  oliafacle  in  As 
stodent*s  path. 

Hie  system  of  ciystallogrephy  originated,  I  faaBora^  by  St 
Whewell,  perfected  bj  Professor  Miller,  and  aoomfted  faj  Piufiasor 
Haidinger,  contfasts  more  faTomably  even  dian  that  of  Kaamaai^ 
with  Mr.  Rntley'snew  method;  andl  am  smpriaed  that  no  lafaMaflB 
is  made  to  it  bj  the  aathor.  I  qoestion  mndi  whether  the  oobom 
hieroglyphs  of  Mr.  Bntley  will  be  found  so  easy  to  imitate  as  As 
more  aocostomed  symbols  of  Nanmann.  or  the  plain  indioss  of 
Miller ; — ^both  these  have  the  immense  admiti^  of  beinff  abesAf 
familiar  to  mathematicians,  and  without  some  mathematical  skill 
extended  acquaintance  with  crystallography  is  well  nigh  hopelesa 
The  introduction  of  this  new  method,  too,  iuTolves  the  replacement 
of  certain  known  symbols  by  others  hitherto  used  with  different 
meanings,  as  well  as  the  alteration  in  value  of  some  that  are  re- 
tained. Thus  the  substitution  of  a  dot  for  the  usually  accepted  sign 
of  infinity  is  a  loss  rather  than  a  gain:  a  dot,  in  manuscript, 
generally  causes  perplexity,  which  the  close  neighbourhood  of  small 
vertical  and  horizontal  strokes  will,  in  the  new  method,  much  intensify. 

In  the  calculations  that  occur  in  the  more  advanced  parts  of 
crystallography,  the  inferiority  of  the  ''  new  method  "  to  that  of 
Professor  MiUer  becomes  more  and  more  apparent.  We  do  not 
suppose  that  Mr.  Eutley  intends  to  limit  ihe  application  of  lus 
system  to  the  mere  beginning  of  crystallograpkic  science ; — to  as- 
sume this  would  be  at  once  to  pronounce  the  system  unprofitable. 
Professor  Miller's  indices  are  perfectly  adapted  for  employment  in 
mathematical  investigations,  and  practical  numerical  results  are  si 
once  obtained  by  simple  substitution  at  the  end  of  such  process. 
But  if  Mr.  Rutley's  "  prolonged  vertical  cross  "  and  "  curved  line  " 
take  the  place  of  the  ''conventional  distances  m  and  n,"  numbers 
must  be  substituted  for  them  throughout  the  calculations,  the  labour 
of  which  is  thereby  greatly  increased;  for  these  difficult  signs 
would  undergo  a  process  of  natural  deterioration  in  the  mases  of 
hastily,  perhaps  carelessly,  written  mathematical  analysis,  and 
would,  certainly,  be  illegible  at  the  end  of  it 

Dowxnro  Collbob,  Cambudob.  T.  W.  Daxbt,  M.A. 
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On  the  29ih  of  May  France  lost  one  of  its  ablest  and  most  dis- 
iguished  geologists.  Philippe-Eduard  PouUetier  de  Yemeail  was 
»m  in  Paris  on  the  13th  of  February,  1805.  He  was  destined  by 
8  parents  to  become  a  magistraie,  but  he  preferred  to  devote  all  his 
ne,  energy,  and  fortone  to  the  advancement  of  the  sciences  of 
eology  and  Palaeontology.  He  began  his  investigations  by  an  ex- 
oration  of  Wales,  at  a  period  when  Sedgwick  and  Murchison  were 
ndering  that  portion  of  Great  Britain  classic  soil,  and  this  first 
omey  had  great  influence  in  determining  the  future  career  of 
mng  de  Vemeuil.  On  his  return  from  Great  Britain  he  visited 
orkey  and  the  Crimea,  and  the  results  of  his  expedition  will  be 
and  recorded  in  the  "  Memoirs  of  the  Geological  Society  of  France." 
'.,  de  Vemeuil  next  devoted  much  attention  to  the  study  of  the 
evonian  rocks  and  fossils  of  the  Bas-Boulonnais  and  Rhenish 
"ovinoes;  these  last  he  described  in  conjunction  with  Viscount 
Archiac  in  the  fourth  volume,  second  series,  of  the  Transactions  of 
e  Geological  Society  of  London. 

The  three  summers  of  1840  to  1842  were  occupied  by  M.  de 
emeuilf  Sir  R.  Murchison,  and  Count  Keyserling  in  an  elaborate 
iploration  of  Russia  and  the  Oural  Mountains,  an  extent  of  country 
[ualling  half  the  surface  of  Europe,  which  resulted  in  the  pub- 
»tion  of  the  magnificent  work  known  as  "Russia  and  the  Ural 
fountains."  This  great  work  was  soon  followed  up  by  an  explor- 
ion  of  the  United  States,  which  enabled  M.  de  Vemeuil  to 
trrelate  the  Palaeozoic  rocks  of  Europe  with  those  of  America,  a 
ork  of  great  value  and  importance.  The  memoir  embracing  these 
.vestigations,  and  many  others  by  the  same  author,  will  be  foimd 
iblished  in  different  volumes  of  the  Bulletin  of  the  Geological 
Kiety  of  France,  as  well  as  an  account  of  his  numerous  and  im- 
>rtant  explorations  and  journeys  into  Spain,  executed  during  the 
3ars  1849  to  1862. 

M.  de  Vemeuil  was  for  many  years  a  Member  of  the  Academy 
'  Sciences  of  Paris,  as  well  as  a  Foreign  Member  of  the  Roy^ 
3ciety  of  London,  and  many  other  scientific  bodies  in  France  and 
sewhere  considered  it  a  high  honour  to  have  his  name  upon  the  list 
'  its  members.  In  1853  he  received  the  Wollaston  Medal  from 
le  Geological  Society  of  London.  His  taste  for  travelling  was  quite 
rtraordinary,  he  was  constantly  on  the  move,  visiting  every  country 
le  after  the  other,  and  collecting  every  fossil  upon  which  he  could 
y  his  hands  ;  he  consequently  formed  one  of  the  largest  and  most 
iduable  collections  of  Ptdaeozoio  fossils  to  be  seen  anywhere, 
hich  he  has  with  great  liberality  bequeathed  to  the  School  of  Mines 
I  Paris. 

M.  de  Vemeuil  was  eminently  what  the  French  would  term  a 
m  enfantj  simple  in  his  tastes,  always  cheerful  and  ready  to  assist 
id  to  impart  information  to  others,  and  especially  anxious  to 
Die  down  in  his  pocket-book  every  scrap  of  information  he  could 
jtain  from  his  scientific  friends.  The  joy  he  used  to  manifest  on  the 
Lscovery  of  some  new  fossil  or  geological  iacst  n^qa  \xv^^  x^Tsudf^&s^^ 
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and  he  lost  no  time  in  communicating  his  discoveries  to  oilien.  IL 
de  Yemeuil  maintained  during  forty  years  a  oontiiinal  scientiiit 
intercourse  with  Sir  R.  Murcbison  and  Mr.  Davidson,  for  wfaos 
he  continually  expressed  the  most  affectionate  feelings  and  frieQddu{k 
He  was  a  constant  attendant  at  the  Geological  Sooiety  of  France,  ud 
rendered  that  Society  the  most  eminent  servioes.  Daring  the  ]M 
few  years  of  his  life  his  sight  was  failing  him  to  saoh  an  extent  thati 
had  ho  lived  a  year  or  two  longer,  ho  would,  like  Lamarck,  have  beet 
doomed  to  complete  blindness.  M.  de  Yemeuil  has  left  a  nuM 
behind  him  which  will  for  years  be  remembered  with  honour  by  hii 
numerous  geological  and  pal»ontological  friends. — ^T.D. 

John  Wickham  Floweb,  Esq.,  F.G.S..  of  Park  Hill,  Croydon, 
descended  from  a  Norfolk  family,  was  bom  in  London  on  the  lltli 
August,  1807.  He  was  educated  at  a  school  in  Gambridgeshin^ 
where  he  was  well  grounded  in  classical  literature,  for  which  he  le- 
tained  a  strong  love  and  continued  to  cultivate  throughout  li£B^ 
His  special  tastes  lod  him,  however,  to  the  study  of  Archaeology  and 
Natural  History ;  and  his  first  savings  were  spent  in  an  excuraioii 
to  Winchester,  to  examine  the  antiquities  of  that  place  and  the  tomb 
of  William  of  Wykeham.  His  attention  was  early  directed  to 
Geology,  and  he  s^mred  neither  personal  trouble  nor  expense  in 
enlarging  his  collections,  which  were  always  made  as  much  in  the 
general  interests  of  science,  and  of  his  friends,  as  for  himself.  Ho 
closely  explored  the  interesting  Tertiary  cliffs  of  Hampshire,  and 
was  instrumental  in  discovering  the  fine  and  unique  jaw  of  an 
alligator  at  Hordwell.  He  collected  also  largely  from  the  Brick- 
earth  beds  of  Grays.  Nor  did  he  neglect  tlie  opportunity  offered 
him  by  the  residence  of  a  friend  at  Moreton  Bay,  Australia,  to 
procure  a  very  fine  senes  of  the  land,  freshwater,  and  marine 
moUusca  of  that  district,  many  of  which  were  new  to  this  country. 

But  the  particular  problem  which  he  set  himself  to  work  out,  on 
his  settling  at  Croydon  some  twenty-five  years  ago,  was  to  ascertain 
whetlior  the  immense  pebble-beds  of  Addington,  belonging  to  tho 
Lower  Tertiary  series,  were  not  formed  of  flints  derived  from  the 
destruction  of  higher  beds  of  Chalk  than  any  which  now  remain  in 
the  neighbourhood  of  London.  Stratigraphical  Geology  has  shown 
that  the  Chalk  formation,  as  it  trends  towards  the  Weald,  had  been 
largely  planed  down  before  the  deposition  of  the  Tertiary  Strata, 
and  Mr.  Flower's  palaeontological  researches  seemed  quite  in  accord- 
ance with  this  view,  and  to  point  to  the  former  existence  of  beds 
older  ev(?n  than  any  now  remaining  in  the  London  Basin.  In  pur- 
suance of  this  object,  ho  carried  on  for  3'ears  an  examination  of  the 
flint  pebbles  forming  the  Addington  Hills,  and  broke  up  many 
thousands  of  thom  in  search  of  the  small  fossils  they  occasionallj 
contain.*  Unfortunately  the  results  of  this  long  investigiition  have 
never  been  published.  It  was,  however,  evident  that  they  were  of 
a  nature  to  confirm  tho  views  he  had  been  originally  led  to  form. 

Another  investigation  in  which  he  took  an  active  part  was  that 

^  He  also  caused  a  largo  number  of  thopc  flint  pebbles' to  bo  cut  and  polished,  in 
order  to  cxamiue  the  structure  of  the  organisms  they  contsdned. — ^Eorr.  Gbol.  Mao. 
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relating  to  the  evidence  bearing  on  the  Antiquity  of  Man.  It  will 
be  remembered,  that  Mr.  Prestwich  considering  that  the  testimony 
of  the  workmen  at  the  Amiens  pits  required  confirmation,  returned  a 
second  time,  in  1859,  to  the  St  Acheul  pits,  accompanied  by  several 
other  geologists,  and  amongst  them  Mr.  Flower,  who,  with  his  usual 
seal,  set  to  work  himself  with  pick  and  spade,  and  remained  for 
hours  at  the  search,  until  his  perseverance  was  rewarded  by  dis- 
interring, with  his  own  hands,  an  undoubted  flint  implement  almost 
at  the  very  base  of  the  mammaliferous  gravel-beds.  His  last 
scientific  work  was  a  paper  on  the  theoretical  questions  connected 
-with  these  discoveries.  In  this  paper  he  questioned  the  conclusions 
of  Mr  Prestwich  and  other  geologists,  that  the  valley-gravels  are  of 
flaviatile  origin,  and  deposited  along  old  lines  of  drainage,  doubting 
mrhether  they  are  due  to  fluviatile  action  at  all,  and  whether  the  flint- 
implement  makers  were  contemporary  with  the  animals  with  whose 
remains  the  flint  implements  are  found.  He  also  suggested  modifi- 
cations in  the  nomenclature  of  the  Stone  periods. 

While  thus  differing  from  his  friends  on  theoretical  questions, 
these  differences  were  always  put  forward. and  expressed  in  that 
spirit  of  conviction  and  kindliness  which  marked  the  earnest  and 
amiable  spirit  of  the  author,  and  characterized  all  his  works — even 
the  controversial  ones, — never  tending  to  sever,  but  only  to  draw 
closer,  the  bonds  of  friendship  between  the  disputants.  His  charm- 
ing discourse  on  the  "Study  of  Natural  History  "  shows  the  character 
of  ihe  man — ^his  disinterested  love  of  nature — his  literary  taste,  and 
the  importance  he  attached  to  the  study  of  the  Earth,  its  Fauna 
and  Flora. 

Besides  his  contributions  to  Natural  Science,  we  must  notice  those 
larger  and  more  elaborate  works  on  theological  questions,  all  of 
which  breathe  the  same  spirit  of  earnestness,  love  of  truth,  varied 
research,  and  liberal  views.  It  is  not  the  place  in  these  pages  to 
give  an  account  of  his  theological  works,  but  the  titles  of  them 
which  are  annexed  will  afford  some  idea  of  their  scope  and  tendency. 

As  an  Antiquary  Mr.  Flower  was  equally  zealous  and  liberal. 
His  collection  of  Stone  Implements,  both  of  the  Palaeolithic  and 
Neolithic  periods,  was  second,  probably,  only  to  that  of  Mr.  Evans. 

We  wish  space  would  allow  us  to  dwell  at  greater  length  on  the 
inrorks  of  one  who,  in  the  midst  of  the  arduous  and  engrossing  pro- 
fession of  the  law,  found  time  to  cultivate  other  branches  of  human 
knowledge,  and  ever  showed  himself  possessed  of  the  true  and  right 
spirit  of  a  Naturalist  and  of  an  earnest  inquirer  in  the  cause  of  truth. 

While  engaged  last  winter  in  exploring  the  antiquities  and  works 
of  art  in  Italy,  he  was  seized  at  Rome  with  the  symptoms  of  a  fatal 
illness,  and  returned  only  in  time  to  end  his  days  in  Apnl  last  at  his 
own  residence  near  Croydon,  a£  the  age  of  65,  deeply  lamented  by 
the  men  of  science  who  had  the  privilege  to  share  his  friendship. 

The  following  is  a  list  of  his  works : — 

On  the  Pleasure  and  Advantages  to  be  derived  from  the  Study  of  Natural  History. 

A  Lecture.     1857. 
On  a  Flint  Implement  recently  discovered  at  the  base  of  some  beds  of  drift  gravel 

and  brick-earth  at  St«  Acheul.    Quart.  Joum.  Geol.  Soc.    i860. 
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On  some  Flint  Implementi  lately  found  in  the  TaUey  of  the  Litde  One  nm 

Ihid,    1867. 
On  some  recent  discoveries  of  Flint  Implements  of  the  drift  in  Norfolk  and  Siifak, 

with  observations  on  the  theories  accounting  for  their  distritNition.    Qaait 

Joum.  Geol.  Soc.     1869. 
Notice  of  a  Kjokken-Modding  in  the  Isle  of  Herm.  ■  Joura.  Antfarop.  Soc 
On  the  relative  ages  of  the  Stone  Implement  Periods  in  England.  Jonm.  Anthn^ 

Inst     1872. 
Surrey  Etymologies.    Joum.  Surrey  ArchaeoL  Soc.     1865. 
Notices  of  the  &mily  of  Cobham  of  Sterborough  Castle^   LtngBeld.    Snncf 

Archaeol.  Soc. 
A  Letter  to  the  Lord  Hi|[h  Chancellor  with  reference  to  the  investment  cfdK 

Cash  balances  belongmg  to  Suitors  in  the  Court  of  Chancery,  and  the  mode 

in  which  Government  Securities  are  purchased  and  sold  on  the  soitoA 

account     Pamphlet.   18^9. 
Adam's  Disobedience  and    its    Results  in  relation  to  MatilriwH   as  shown  ii 

Scripture.    1861.    2nd  edition,  enlarged.    1871. 
On  Original  Righteousness. 
The  Apostolic  Pandects.     1863. 

An  inquiiy  respecting  the  origin  of  the  Parable  of  the  ridi  man  and  Lazarus.   1864. 
Forensic  Imputations.     1867.  J.  P. 


BonB  Oavk  nr  EiBKOUDBEiGHTgHiBi. — ^It  has  long  been  fiunfliar  to 
geologists  that  the  western  and  southern  ooast-line  of  Scotland  11 
pierced  with  caves  of  different  levels,  indicating  former  suooessiw 
lines  along  which  the  sea-waves  worked.  Unfortunately,  owing  to  the 
want  of  limestone  or  very  calcareous  rocks,  these  oaves,  as  a  mk^ 
present  none  of  that  stalagmite  deposit  which  has  elsewhere  served 
so  abundantly  to  cover  over  and  preserve  the  remains  of  the  ancient 
denizens  of  our  country,  with  traces  of  the  presence  of  man  himself. 
The  caves  usually  open  directly  upon  the  coast,  with  free  exposure 
to  the  air,  so  that  their  floors  show  nothing  but  damp  boulders  and 
pools  of  water  from  the  drip  of  the  roof.  Recently,  however,  a  re- 
markable exception  to  these  ordinary  conditions  has  been  obserred 
on  the  wild  cliflf-line  to  the  south-west  of  the  bay  of  Kirkcudbright 
The  Silurian  greywacke  is  there  traversed  with  strings  and  veins  of 
calcite  along  lines  of  joint  and  fracture,  and  at  one  point  where  an 
old  sea  cave  occurs,  the  walls  and  floor  at  the  cave  mouth,  and 
for  a  few  yards  inwards,  have  a  coating  of  solid  calcareous  matter. 
Beneath  this  coating  in  the  substance  of  the  breccia  which  extends 
across  the  cave  mouth,  as  well  as  throughout  the  cave  earth  behind 
the  breccia,  a  great  quantity  of  bones,  with  traces  of  human  oc- 
cupation, have  been  found.  A  systematic  investigation  of  the  cave, 
commenced  last  autumn,  is  being  carried  on  under  the  direction  of 
Mr.  A.  J.  Corrie  and  Mr.  W.  Bruce-Clarke — the  discovered  of  the 
osseous  layer.  At  the  present  time  the  following  among  other 
remains  have  been  noted  : — Bones  of  ox,  red-deer,  goat,  horse,  pig, 
pine-marten,  rabbit,  watervole,  and  other  small  rodents,  together 
with  numerous  remains  of  birds  and  a  few  frog  and  fish  bonea 
Intermingled  with  these  occur  fragments  of  bronze,  bone  needles, 
and  other  bone  implements,  to  the  number  of  mora  than  twenty;  one 
piece  of  worked  stone  (a  fragment  of  greywacke)  has  been  found, 
but  as  yet  not  a  single  chip  of  flint  A  full  account  of  the  cave  will 
be  published  as  soon  as  the  investigations  are  completed. 


.:  Mag  1873 
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I. — ^Description  of  Carinella,  a  New  Genus  of  Cabbonifebous 

POLYZOA. 

Bt  R.  Etheridob,  JuN.y  F.G.S. 
(PLATE  XV.) 

AMONGST  a  small  oollection  of  fossils  lately  forwarded  to  the 
writer  for  identification,  by  Dr.  Rankin,  of  Carluke,  from  the  Car- 
boniferous beds  of  that  neighbourhood,  are  some  remains  of  Polyzoa, 
|)eculiar  from  the  combination  of  characters  presented  by  them,  such 
as  have  hitherto  been  considered  characteristic  of  separate  genera. 
In  FenesieJlay  Miller,  as  restricted  by  King,*  each  interstice  or  stem 
of  the  frond  is  provided  on  one  side  only  with  two  or  more  rows  of 
cell-apertures,  separated  by  a  median  keel.  In  Polypora,^  McCoy, 
on  the  contrary,  the  interstices  or  dissepiments  are  not  carinated,  and 
the  former  are  always  provided  with  numerous  rows  of  cell-apertures, 
generally  arranged  more  or  less  in  quincunx,  the  dissepiments  as  in 
Fenestella,  being  non-celluliferous.  In  the  specimens  under  con- 
sideration a  combination  of  some  of  the  above  characters  takes  place, 
forming  a  connecting  link  between  the  two  genera  Fenestella  and 
Polypora,  An  examination  of  the  accompanying  drawings  will  at 
once  show  that  the  fossils  there  represented  cannot  be  referred  to 
either  of  the  above,  but  they  certainly  appear  to  be  the  type  of  a 
new  genus,  which  it  is  proposed  to  call  Carinella.  Only  one 
species  is  at  present  known,  which  might  with  advantage  be  termed 
0.  ceUvlifera. 

Carinella  ceUvlifera,  gen.  et  sp.  nov. — Polyzoarium  composed  of 
angular  irregularly  disposed  anastomosing  branches,  strongly  cari- 
nated on  both  the  obverse  and  reverse  faces,  butcelluliferous  only  on 
the  former,  apparently  arising  from  a  common  root  No  regular  dis- 
tinction into  interstices  and  dissepiments,  but  the  branches  bifurcate 
and  re-unite  to  form  hexagonal,  pentagonal,  and  polygonal  inter- 
spaces or  fenestrules,  often  of  most  irregular  form.  On  e£W5h  side 
the  keel  on  the  celluliferous  or  obverse  face  are  three,  sometimes 
four  alternating  rows  of  cell-apertures.  The  prominent  keel  follows 
each  bifurcation  of  the  angular  ramifications,  which  are  all  cellu- 
liferous, no  separation  into  interstices  and  dissepiments  being  ap- 
parent The  cell-apertures  have  prominent  margins.  The  reverse 
is  longitudinally  striate,  and  the  keel  does  not  appear  to  be  quite  as 
strong  as  on  the  obverse  face. 

Carinella  agrees  with  Polypora  in  constantly  having  more  than 

1  PermiaD  Fomls,  p.  35.  '  Synopus,  Carb.  Fobs.,  Ireland,  p.  206. 
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two  rows  of  cell-apertures  on  the  oellnliferons  face,  bat  it  diffen  m 
possessing  a  median  keel.  It  agrees  with  FemeaUtta  in  the  possessicm 
of  the  latter,  but  differs  from  both  it  and  Poiypora  in  the  total  abtenoe 
of  non-cell uliferous  dissepiments  or  cross-bars,  and  in  having  the  ze- 
verse  keeled  in  a  similar  manner  to  the  obverse  or  oelluliferons  £Boe. 
Localities. — Braidwood,  Carlake :  in  the  FeneUella  bed  of  the  1ft 
Calmy  Limestone  ;Lower  Limestone  Group).  Gair  Quarry,  near 
Carluke;  in  shale  over  the  Gair  Limestone  (Upper  Limestone 
Group).  It  has  also  been  obtained  from  other  localities  in  Lanark- 
shire by  the  collectors  of  the  G^logical  Survey.  These  will  be 
given  in  the  forthcoming  Explanation  to  Sheet  23,  Scotland. 

EXPLANATIOX  OF  PLATE  XV. 

Fig.  1.     dwinelU  ttllufi/tra,  twice  the  natural  lize. 
„    2.    Celluliferoud  face  of  the  same,  six  times  the  natural  siie. 
„    3.     Rererse  of.  the  same,  showing  keel  and  strie,  six  times  the  natord  nie. 
For  these  rery  excellent  drawings  I  am  indehted  to  mj  friend,  Mr.  H.  Skae. 


n. — On  ANA.LY8I8  OF  WeFTK  ChaLK  FROM  THE  CoUNTT   OF   TtBOHIi 

WITH  Note  oy  the  OccrRaENCE  of  Zing  therein,  and  us  tsi 

OVERLYINQ  BaSALT.* 

By  Edward  T.  Hardmax,  F.R.6.S.I.;  of  the  Geological  Surrey  of  Irriand; 
Associate  of  die  Royal  College  of  Science,  Dublin. 

I  WAS  led  to  make  this  analysis  with  the  view  of  determining  if 
possible  whether  the  extreme  hardness  of  the  Irish  Chalk  were 
due  to  either  a  chemical,  a  mechaiiical»  or  a  calorific  alteration,  from 
the  influence  of  the  overlying  basalt.  If  it  were  owing  to  chemical 
change,  we  should  ex])ect  to  find  a  large  per-centage  of  silicates  and 
a  diminution  in  the  amount  of  lime ;  if  to  the  influence  of  heat, 
carUmic  acid  would  be  driven  off,  silica  would  be  in  excoss,  and  the 
presence  of  the  insoluble  b;ises.  such  as  the  peroxide  of  iron,  oxide  of 
manganese,  and  alumina,  would  become  more  apparent ;  while  if  a 
mechanical  cause  or  pressure  were  the  reason,  no  change  would  take 
place  in  the  relative  amount  of  the  constituents.  I  believe  the  result 
seems  to  show  that  the  induration  of  the  Chalk  must  be  set  down 
chiefly  to  the  last  agency, — if  to  anything  apart  from  the  original 
formation  of  the  rock, — and  that  the  power  of  alteration  exerted  over 
it  by  the  heat  of  the  molten  biisalt  has  been  small  indeed.  At  the 
same  time  a  certain  addition  has  been  made  to  it  by  means  of  water 
holding  chemical  l»odies  in  solution. 

The  following  is  the  result  of  the  analysis.  The  specimens  used 
were  obtained  from  an  old  quarry  in  the  townlaud  of  Legmanii 
about  a  mile  and  a  half  north-east  of  Stewartstown.  The  Chalk  is 
so  indurated  as  to  be  in  reality  a  hard  splintery  limestone. 

CaCO.,       97-320  y  r.                 .          /  Verv  perceptible  even  in  naafl 

M,C03      0-890  ^^"^  traces.  J       4uftntiue3  of  the  Chalk. 

SiOo 0o37  BaO  a  trace. 

AI0O3 0*273  SrO  a  trace. 

FeO a  trace.  :  X;.,0  1  Amount  not  estiraated. 


^  Bead  before  the  Royal  Geological  Society  of  Ireland^  Jane  11,  1873. 
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By  the  kind  permiasion  of  Prof.  Ghtlloway  the  quantitative  analysis 
was  made  in  the  laboratory  of  the  Royal  College  of  Science,  Dublin. 

As  the  potash  and  soda  were  very  small  in  quantity,  it  was  not 
worth  while  to  estimate  them,  and  the  residue  insoluble  in  hydrochloric 
acid,  Amounting  to  but  1*565  grains  in  297*5  of  the  limestone,  was 
considered  to  be  silica,  being  too  small  to  analyze. 

There  is  nothing  remarkable  about  the  other  constituents,  except 
the  presence  of  zinc,  which  I  believe  it  is  unusual  to  find  dissemin- 
ated in  an  invisible  form  over  a  large  extent  of  rock,  even  in  trifling 
local  amount  At  any  rate  I  have  never  seen  it  given  in  such 
analyses  as  I  have  met  with,  of  limestone  or  other  rock, — although  its 
ores  are  known  to  be  ofben  associated  with  the  former ;  but  for  the 
most  part  as  subsequent  deposits  in  cavities  of  erosion. 

I  happened  to  discover  its  presence  in  the  Chalk  accidentally,  while 
examining  it  in  the  wet  way  for  titanic  acid,  which  I  imagined  might 
be  expected  to  result  from  the  decomposition  of  titano-ferrite  in  the 
overlying  basalt  The  titanic  acid  did  not  reveal  itself,  but  a  strong 
indication  of  zinc  appeared.  I  then  determined  to  test  it  in  the  dry 
way,  and  on  fusing  some  of  the  powdered  chalk  with  carbonate  of 
soda  on  charcoal,  I  was  able  actually  to  reduce  a  small  portion  of  the 
metal  so  as  to  obtain  a  few  spangles  of  it  These,  when  subjected  to 
the  proper  tests,  gave  the  usual  re-actions  with  the  blow-pipe  which 
ctiaraoterLze  zinc  compounds.  I  repeiited  this  experiment  several 
times  with  dififerent  specimens  of  the  Chalk,  and  was  able  to  satisfy 
myself  fully  of  the  presence  of  the  metal  in  it. 

As  from  some  of  these  trials  zinc  appeared  to  be  in  such  quantities 
that  it  might  be  estimated,  :^97'5  grains  of  the  powdered  chalk  were 
taken,  dissolved  in  hydrochloric  acid,  treated  with  sulphuretted 
hydrogen,  in  the  expectation  that  some  of  the  metals  precipitable  by 
it  were  present ;  silica,  iron,  and  alumina  were  removed,  and  it  was 
finally  examined  for  zinc.  This  was  unmistakably  proved  to  be 
present,  but  unfortunately  in  too  small  a  quantity  to  weigh.  In  fact 
it  appears  to  be  unequally  disseminated  throughout  the  rock,  for 
while  in  some  very  small  portions  submitted  to  qualitative  analysis 
it  was  extremely  perceptible,  yet  in  the  large  quantity  above  named 
it  seemed  disproportionately  small. 

It  thus  became  a  question  whether  the  metal  occurred  merely 
locally,  or  was  widely  scattered  over  a  large  area  of  the  Chalk.  I 
therefore  examined  a  specimen  of  hard  white  chalk  from  Slieve 
Gkdlion  Cam,  in  the  Co.  Derry,  some  eight  miles,  as  the  crow  flies, 
north-west  of  Legmurn.  It  occurs  there  as  an  outlier  on  the  New  Red 
Sandstone,  and  underlies  the  basalt  Tlie  specimens  obtained  here 
lay  but  two  feet  below  the  basalt,  but  could  not  be  distinguished  in 
appearance  from  the  others,  which  were  taken  at  some  distance  from 
the  edge  of  the  dolerite.  It  contaimnl  a  few  slightly  reddened  flints 
however.  The  examination  was  only  made  for  zinc,  and  was  done 
as  before,  by  fusing  a  portion  with  carbonate  of  soda  before  the 
blow-pipe.*     As  was  expected,  the  metal  was  here  also  reduced,  and 

*  Fletcher's  hot-blast  gas  blow-pipe  was  used,  and  by  its  means  a  comparatively 
large  quantity  of  the  powdered  chalk  and  of  the  basalt  (see  yo9C\  could  be  treated. 
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^v?  r -r:V^:Iv  viifr-Ie,  arr-*r*i::lT  in  the  same  qouititT  as  in  the  firs 
s:.-r.;::rrn.     V.^  irT-^Ei^r  wis  then  Ojnfinn-ed  bv  other  tests. 

Al:r._'i-^b  :hi«  :•:  O'-rsr  aff  ri*  n?  direct  evidence  as  to  the  exia- 

e-  -  :'  :be  ui^:ai  tV.r -ishiut  the  ehilk  here,  it  is  carioos  that  it 
fiLi-li  Vrr  d-r:e:-ei  Ln  sAiiples  pr>i:ar'='i  at  saeh  a  distance  from  each 
•:::--r  it  i:  w-r»  m:  >>. 

T:.-  iiei  tbvn  ar:-*^  th«  it  miirht  have  been  carried  down  from 
tLt  Vuvil:  \u  iriTi:*  5«:4:in;'n.  Aox^riingly  a  piece  of  the  basalt 
w:J;L  or.'i**  o~t  y^^yii  !•>'>  viris  n-:-rth-eist  of  the  Chalk  Qiiamrin 
L-vT--'irii  wv*  pr  -rTire-i.'  trj  i  examhird  in  the  same  way  as  the  CWk 
hid  W-rD.  In  tl.i*  aLs-t  zinc  was  dis-?3vere«l.  and  in  very  appreciable 
am  Mn: :  so  r::uoh  ?o.  that  I  doubt  not  had  I  had  time  to  make  a 
u'iir.'.i'itive  ■lf:»rr:iiinit:on.  I  sb-i'ild  have  been  able  to  estimate  it. 

T*.vr>  lytn  r-?  little  doubt,  therefore,  the  zinc  that  occurs  in  the 
Ch'ilk.  pr-jbtbly  ia  oirb>nite,  which  would  be  indistinguishable  on 
iii*-] -••:•::  -n.  hxs  I'eri.  -Mrriei  down  from  the  basalt  in  aqaeous  solution. 
In  wh  »t  f  •nil  it  exl*:s  there  h  ^^wever  must  be  uncertain. 

^It  is  tnie  tha:  in  most  minenilogiortl  works  there  is  no  direct 
menti-n  of  the  oix-urrence  of  zinc  comp-Dunds  in  igneous  or  \x)Iciiuc 
rock*.- lut  it  seems  to  be  irnplie*!  in  ».»ne  or  two  instances ;  and  it 
oi-rtainly  apj-rars  to  l>e  'luite  possible  that  many  of  tliem  would  be 
formed  b"«th  in  the  wet  and  in  the  igne«:«us  way.  in  such  rocks.  At 
first  siirht  it  might  be  suq^rising  that  such  a  volatile  metal  as  zinc 
wonl  1  ^*nthstand  the  great  heat  of  molten  rock  and  remain  undissi- 
P I'-l :  vet  sover'il  ziuv.-  minimis  hrivo  Ix-en  anitieiallv  formed  in 
turL-i'jvft.  nn-l  un«ler  -I'Tl^-.-r  appliottions  '-f  heat.  Fnmklinite,  a  variety 
of  m.i;r:i"tire  cait  liniiiL:  zinc  and  iiuTiiriiiese.  found  workable  in  the 
n\f:'^\i'A  ri-liio  Siliiri.m  lime>tone of  Now  .Tt-rsov.  has  been  imit;ited  bv 
D»jl»..'«.se.  l»y  the  action  **i  sesquiclilori'le  of  iT^.m  and  chlori«le  of  zinc 
on  liui*f.  un-Inr  the  intiiieiico  of  lieat.^  Zincito  or  red  oxide  of  zinc 
lias  Ijoen  obtained  in  the  iron  furnaeos  of  Silesia  and  New  Jor*ey, 
and  in  zinc  lurnaces  at  Si«^Lren.*  Blende  has  resulted  artilicallv 
from  sa])jeiting  heateil  oxido  or  silicate  of  zinc  to  the  vapour  of 
suljjliur,  and  is  fouu'l  in  tlie  furnaces  at  the  Freiberg  smelting 
works/     "  It  occurs  in  both  crystalline  and  sedimentary  rocks." 

[Thus  it  wuiild  seem  to  be  vor}*  possible  for  some  zinc  comix)im<l3 
to  have  had  a  contemjxjraneous  origin  with  the  basalt.  On  the 
other  hand,  the  zinc  may  have  been  introduced  at  a  later  j>erioil  by 
the  ag^'iicy  of  water,  in  the  same  way  that  carbonates  of  lime, 
magnesia,  and  iron,  have  been,  and  notably  the  zeolites,  which  are 

'  Thu  spot  from  wliicb  the  basalt  was  obtained  is  about  300  yards  from  the 
Chfilk  (Quarry. 

'^  Mr.  Thomas  Davits,  F.G.S.,  of  the  Department  of  Mineralogy  in  the  Brituth 
Mii^oiim,  informs  me  that  Professor  Scacchi,  oi  Naples,  state*  that  Blende  J^n^  S) 
occurs  occasionally-- in  assriciation  with  galena— in  the  Tulcanic  breccias  of  Moate 
>Somnia. — Edit.  (Ieol.  Mao. 

5  Dana's  .Svstr-m  of  Mineraloj^v  (1868),  p.  153, 

*  Ihvi.  p.  I'ao. 

•  IhiL  p.  ;30.     (11  ere,  too,  the  removal  of  the  obnoxious  zinc  from  the  lead  is « 
mo-t  diffir  lilt  problem.     See  Percy's  Metallurgy  of  Lead,  p.  325.) 

«  Uifl,  p.  49. 
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80  abundant  in  that  roek.  This  is  perhaps  the  most  likely  to  happen ; 
but  in  either  way,  most  of  the  zino  minerals  might  have  been 
brought  in.  There  is  nothing  therefore  remarkable  in  tlie  fact  of 
the  metal  being  detected  ;  and  it  mi^t  be  met  with  oftener  were  it 
looked  for  during  the  analysis  of  rocks,  just  as  other  metals  known 
to  exist  in  certain  rocks  seldom  appear  in  their  publislied  analysis. 

[It  can  only  be  a  matter  of  surmise  as  yet  with  regard  to  the  form 
in  which  the  zinc  exists  in  the  basalt.  A  possibility  might  be  sug- 
gested, however,  that  some  of  the  magnetite  whicli  is  found  as  an 
accessory  mineral  in  that  of  Antrim*  may  be  of  the  variety  Frank- 
limte.  Some  ei  the  spinels  also,  to  which  this  is  allied,'  and  which 
themselves  number  a  zinc  compound,  have  been  found  in  vesicular 
cavities  of  the  volcanic  rocks  of  Monte  Somma ;  ^  and  at  least  one 
instance  is  given  of  the  discovery  of  metallic  zinc  in  basalt.  It  is 
said,  by  G.  IJlrich,  to  have  been  found  by  a  quarryman  in  a  geode  in 
basalt,  near  Melbourne,  Victoria,  associated  with  Smithsouito  and 
cobalt  bloom ;  the  specimen  weighed  4^  ounces.  Dana,  however, 
considers  the  account  to  be  somewhat  doubtful.^]^ 

With  this  exception,  the  analysis  shows  little  that  could  be  ascribed 
to  chemical  alteration,  nor  has  there  been  any  loss  of  carbonic  acid, 
so  that  the  original  heat  of  the  superincumbent  basalt,  which  has 
been  so  often  relied  on  as  the  means  of  hardening  the  chalk,  and 
reddening  the  flints,  must  be  quite  out  of  the  question.  Perhaps  a 
great  deal  too  much  power  has  been  a6cril>ed  to  this  agent ;  as  luay 
be  conce<led  when  we  recollect  the  unaltered  condition  of  the  inter- 
vening leaf-beds  and  lignite,  which  do  not  ap[)ear  to  luive  been 
affected  by  it,  although  naturally  very  susceptible  of  its  influence.® 

But  when  it  is  remembered  that  in  the  Hebrides  the  l>asalt  retvcbes 
a  thickness  of  between  3000  and  4000  feet,^  and  that  the  Irish  bas^ilt, 
although  now  but  from  oOO  to  1200  feet  thick,  may  have  luid 
similar  proportions,  there  is  no  difficulty  in  referring  the  consolida- 
tion of  the  Irish  chalk  to  pressure  alone ;  for,  taking  the  original 

>  Prof.  Hull  "On  the  Structure  of  Trap  Rocks,"  Geol.  Mao.,  April.  1873. 

*  Manual  of  GeoXogj  (Juk»'8  and  Geikic;,  p.  63  (Article  by  W.  K.  ijullivan,  Ph.D.). 

*  Cotta,  Rocks  Clarified  and  Di-'scribcd,  p.  61. 

*  STstem  of  Mineralojry  (1868),  p.  17. 

^  Tibe  above  brackoti>d  portion  was  added  after  the  paper  had  been  read,  as  the 
possibility  of  zinc  occurring  in  the  ifi:neou3  rocks  was  dis])uted  at  the  time.  Thi> 
method  of  analysis  was  also  said  to  he  unreliable  ;  but  it  is  a  far  more  certain  test  f«r 
small  quantities,  than  the  wet  process.  Bv  it  a  metnl  was  obtained.  This  was  white 
and  brittle;  it  dis-^Wed  readily  in  dihite  hydrochloric  acid;  and  the  solution  of  the 
naetal  heated  on  charcoal  with  nitrat*  of  cobalt  pive  a  very  distinct  brij^ht  g^een 
incrustation.  There  is  but  one  metal  that  exhibits  all  the  above  characteristics,  ami 
that  is  zinc. 

Voltzite  (Zn  S  +  ZnO)  occurs  at  Rosiores,  near  Pont  Gibaud,  Puy  de  Dome 
(Dana's  Mineralopry,  p.  60).  No  mention  is  made  of  the  rock  in  whifh' it  is  found; 
bnt  in  Scrope's  "Volcanoes  of  Central  France,"  both  in  the  maps  and  in  the  l^tter- 
presa  (pp.  56,  67),  the  rocks  of  that  neighbourhood  are  shown  to  be  granite  and  rcient 
oasalt;  no  other  than  igneous  roek  is  laid  down  on  the  maps,  nearer  than  about 
18.000  metres.     (Edition  1868.) 

*  Rischof  mentions  that  small  pieces  of  clay-slate  caught  up  in  lava  flows  were 
afterwards  found  to  be  quite  unaltere<l. 


'  ., 
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thickness  of  the  basalt  at  only  3000  feet,  the  preasnre  on  each  tqnre 
yard  of  unilerlying  chalk  would  be  about  2000  tons.^ 

Tlie  analysis,  which  is  extremely  similar  to  one  by  Mr.  Wonfor,  of 
the  Chalk  of  Cushendall,  Co.  Antrim,'  shows  that  it  ia  a  limestone  of 
very  ipreat  purity,  the  per-eentage  of  siliceous  matter  being  so  smiU 
as  to  be  quite  insignificant.  It  should  therefore  be  of  the  hi^mt 
value  in  many  chemical  manufactures,  especially  that  of  bleachio£ 
powder.  But  it  is  remarkable  that  although  in  the  North  of  Ireknd 
an  immense  quantity  of  this  material  is  used  up,  it  is  not  mado 
there,  but  is  mostly  imported  from  Glasgow  and  Lancashire.  So  ftf 
as  I  know,  there  is  not  a  single  Chloride  of  Lime  Works  in  Ulster.* 

III. — A  Bbiev  Memoir  of  the  Gbologt  ov  Dobbet. 

By  J.  C.  MAyBEL-PLBTDBLL,  F.G.S. 

Fart  IL 
(Oontmned  from  pag$  413.) 

AS  the  sands  and  clays  of  the  Hastings  series  lie  oonformahly  on 
the  Purbeck  Beds,  it  is  probable  that  the  same  area  which  formed 
the  embouchure  of  the  Purbeck  river  performed  still  die  same  offioe 
during  the  Hastings  Sand  age ;  but  the  entirely  different  character  of 
the  deposit  shows  at  loast  that  the  soil  of  the  oountiy  drained  by  the 
latter  was  different  from  that  which  sup|>lied  the  former ;  and  it  ii 
evident  also  that,  in  the  district  under  consideration,  the  motion  of 
the  water  of  the  Hastings  river  was  much  more  rapid,  from  the 
abundniico  of  sand,  coarse  quartz,  and  gravel  with  pebbles. 

lliiR  lower  member  of  the  Wcalden  consists  of  sand,  sandstone, 
calcareous  grit,  and  shale.  At  Swanage  and  Worbarrow  the  cal- 
careouR  giit  alternates  with  red  and  green  sandy  clay ;  it  oontaiu 
bones  of  the  Iguanodon  and  portions  of  silioified  coniferous  trees, 
the  stone  into  wliicli  thoy  are  converted  being  dark -brown  in  ooloar, 
and  receiving  a  fine  polish.  It  does  not  effervesce  with  acid.  The 
Hastings  Beds  form  tlie  north  side  of  Swanage  and  Worbarrow 
Valley,  and  pass  through  Godlingston,  Corfe,  Church  Knoll,  Steeple, 
and  Tynohani ;  a  small  patch  appears  at  Mowps  Bay,  Lulworth,  and 
Man  of  War  Cove.  Tlieir  junction  witli  the  Purbeck  Beds  is  favour- 
ably exposed  at  Worbarrow.  In  the  little  cove  between  the  Tout 
and  Gad  Cliff,  about  fifty  feet  of  day  alternates  with  beds  of  con- 
torted limestone;  at  Swanage  it  is  invisible,  being  masked  by  a 
fault.  The  only  other  ap])earanco  of  this  bed  occiurs  between  Clialdon 
and  IIol worth,  fianked  by  the  Groousand  on  the  south,  and  the 
Ridgeway  fault  on  \{s  northern  side.  It  is  evident  from  our  review 
of  the  Wealden  and  Upper  Oolito  Bods,  as  represented  in  this  neigh- 
bourhood, that  they  are  (juite  unconformable  to  tlie  Cretaceous  system, 
which  iK)t  only  overlaps  them  gmdually,  but  covers  them  occa- 

^  The  Chalk  of  Tyrone  is  in  fact  curiously  shattered  and  split  up  into  small  irregular 
paruIIclopipodK,  which  appears  tu  be  due  to  more  than  ordinary  jointing.  The  great 
pressure  may  hare  had  something  to  do  with  it 

*  Journ.  Royal  Dub.  Soc.,  July,  1860. 

3  A  quantity  of  the  Antrim  C&olk  is,  however,  exported  to  England  for  ouuia&c- 
tuie  i]tere. 


/.  C.  Afansel-Pleydell — Oeology  of  Dorset.  439 

nonaUy.  At  Osmington  MQIb,  within  less  than  a  squaie  mile,  the 
np}>er  Oreenaand  is  in  oontaot  snooessively  with  the  Hastings  Sands, 
the  Purbeck  Beds,  and  the  Eixnmeridge  Clay.  Here  the  alternation 
of  fine  clays  and  sands  peculiar  to  the  Swanage  Beds  with  the  coarse 
drift  of  Worbarrow  plainly  reveals  the  sweUing  and  subsiding  of  the 
ancient  river  which  ooverod  them  eastward.  From  the  presence  of 
iron  the  Rev.  0.  Fisher  considers  the  deposit  to  have  been  famished 
from  the  New  Bed  Sandstones  of  Devonshire. 

Of  the  gigantic  reptiles  of  the  Wealden  age  the  Dorsetshire  beds 
produce  two,  Iguanodon  ManteUi  and  Megalosawnu  Bueklandi.  Mr. 
S.  H.  Beckles,  F.RS.,  describes  in  the  Geological  Journal,  vol.  xviii. 
p.  446,  casts  of  footprints  in  Swanage  Bay  occurring  in  two  bands 
of  sand-rock  of  the  usual  tripodal  shape,  about  fifteen  inches  long, 
which  may  be  the  footprints  of  a  Wealden  Dinosaur,  or  perhaps  of  a 
Batrachian. 

The  Flora  of  the  Wealden  contains  Comfera,  OgeadeOf  and  Ferns. 
In  1855  the  Oyrogoniie*  (so  named  by  Parkinson  in  1822),  spore- 
vessels  of  the  Ckarcij  were  found  in  the  Hastings  Beds  of  the  Isle  of 
Wight,  a  genus  common  in  the  Tertiary  strata,  but  not  found  before 
this  in  the  Secondary  rocks. 

The  variegated  Wealden  Clays  and  Sands  are  about  1800  feet  thick 
at  Swanage,  725  at  Worbarrow  Bay,  660  at  Mewps  Bay,  462  on  the 
east  side  of  Lulworth  Cove,  and  172  at  Man  of  War  Cove,  showing 
in  a  very  remarkable  manner  the  attenuation  of  the  beds  which  takes 
place  westward ;  this  peculiarity  is  not  restricted  to  the  Wealden, 
bat  extends  to  the  Lower  Chalk  as  well.  • 

The  Purbeck  Beds  have  been  examined  and  mapped  in  great  detail 
by  Mr.  Bristow,  and  published  in  the  works  of  the  Greological  Survey 
of  Oreat  Britain.  In  Sheet  22  of  the  Vertical  Sections  every  bed 
is  shown  on  a  scale  of  10  feet  to  one  inch,  with  full  lithological  and 
palaeontologioal  descriptions. 

LowKB  Cbktaosous  or  Neooohian. — Punfield  beds. — ^A  remark- 
able bed,  partly  marine  and  partly  of  estuarine  origin,  lies  at  the  top 
of  the  Wealden  Beds  at  Punfield,  Worbarrow,  and  Mewps  Bay.  It 
has  long  been  known  to  geologists  as  differing  from  the  freshwater 
Wealden  in  mineral  character,  and  in  its  animal  remains,  clearly 
indicating  the  gradual  return  of  marine  conditions  which  continued 
throughout  the  Cretaceous  period. 

A  marine  band,  21  inches  thick,  rests  on  the  variegated  beds  of 
the  Wealden,  dipping  due  north  at  an  angle  of  65° ;  Mr.  Judd,  who 
has  recently  separated  these  beds  from  the  Wealden  Series,  to  which 
they  were  before  attributed,  divides  this  marine  bed  into  three  parts, 
the  lower  being  a  shelly  Limestone,  containing  concretions  of  argil- 
laceous Limestone,  yielding  Ammonites,  Vicarya,  and  other  marine 
shells ;  the  middle  portion  is  almost  entirely  made  up  of  Oyster-shells 
with  a  few  dwarfed  specimens  of  Gorhtda  and  Cardium ;  the  upper 
portion  contains  but  few  shells,  and,  like  the  middle,  is  mixed  with 
much  carbonaceous  matter.  The  narrow  band  is  succeeded  (upwards) 
by  a  series  of  ferruginous  sands,  about  153  feet  thick ;  its  middle 
portion  is  composed  of  femigineo-calcareous  rock,  with  Oysters  and 
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other  marine  shells.  The  uppermost  band,  which  is  a  dark-blue 
iinely-laminated  shale,  in  part  Oypridiferous,  with  thin  bands  of  Lime- 
stone, made  np  of  Cyrena,  Ostraa,  etc.,  is  at  present  covered  over  fay 
the  debris  from  the  beds  above. 

At  Worbarrow  the  formation  is  about  68  feet  thick,  oomprisii^  i 
thin  well-marked  band  of  ironstone  containing  vegetable  markingi 
and  casts  of  marine  shells,  with  beds  of  grey  and  whitish  laminated 
clay  and  bands  of  nodular  ironstone.  These  ironstones  contain  caste 
of  marine  shells;  also  beds  of  light-coloured,  sometimes  pinkish, 
sand,  with  much  carbonaceous  matter. 

Tlie  Punfield  formation  is  exhibited  at  Brixton  Bay,  a  little  to  the 
west  of  Atherfield  Point,  at  Compton  Bay,  and  Sandown  Bay  in 
the  Isle  of  Wight 

Gault,  Chalk  Marl,  and  Lower  Chalk. — ^It  is  difficult  distinctly 
to  recognize  the  sub-division  of  the  lowest  beds  of  this  series ;  only 
on  the  eastern  side  of  the  county  is  it  of  any  importance ;  it  accom- 
l)anie8  the  Chalk  in  its  varied  sinuations  from  Abbotsbury  to  Cors- 
combe,  and  occupies  the  summits  of  the  insulated  hills  above  Lyme 
Hegis,  Lewesdon,  and  Pillcsdon ;  it  reposes  successively  on  the  Lias 
at  Lyme,  on  the  Inferior  Oolite  at  Golden  Cap  and  Shipton  Gcige^ 
on  the  Forest  Marble  at  the  Knoll  of  Puncknoll,  on  the  Oxford  Clay 
south  of  Abbotsbury,  on  the  Kimmeridge  Clay  west  of  Osmington, 
and  on  the  Purbeck  Beds  east  of  Abbotsbury.  Its  valleys  of  denu- 
dation are  seen  at  Askerswell,  Compton  Valence,  and  Winterbome 
Steepleton.  The  Gault  and  Chloritic  series  has  its  greatest  super- 
ficial development  in  the  vicinity  of  Shaftesbury,  and  produces  strata 
of  cliert,  beneath  which  lies  a  band  of  sandstone,  of  great  economic 
value,  on  account  of  its  power  to  resist  the  decomix^sing  action  of 
the  atmosphere;  it  is  extensively  used  for  building,  the  angles x)f  the 
worked  blocks  retaining  their  original  sharpness  for  centuries, — the 
marks  of  the  chisel  are  as  fresh  now  as  when  first  cut,  A  narrow  zone 
flanks  the  base  of  the  Chalk  range  from  Billiard  Down  to  Worlxarrow, 
a  fault  brings  it  to  the  surface  at  Mewps  Bay,  it  forms  the  base  of 
the  eastern  side  of  Lulworth  Cove,  and  dips  beneath  the  sea  at 
Diirdle  Door,  At  Batts  Comer  it  re-appears  and  forms  the  coast-line 
to  Ringstead  Bay,  wliere  a  fault  throws  it  northward  above  Hol- 
worth,  and  it  follows  the  Kimmeridge  Clay  to  Osmington,  whence 
it  turns  eastward  to  Chaldon,  skirting  the  north  side  of  the  Ridgeway 
fault  from  Poxwell  to  Bincombe.  It  occupies  the  heights  above  the 
village  of  Abbotsbury,  and,  after  passing  Gorwell  and  Little  Bredy. 
it  forms  the  base  of  the  escarpment  of  the  eastern  side  of  the  vale 
of  Bredy. 

It  is  not  difficult  to  conjecture  that  these  Lower  Cretaceous  Beds 
were  continuous  and  extended  over  a  large  area  westward,  previous 
to  Iho  denudation  which  has  so  seriously  aflfocted  this  district.  In 
the  neighbourhood  of  Longbredy  they  are  much  disturbed :  after 
encountering  several  lateral  and  vertical  faults,  it  forms  the  base  of 
Eggardon  Hill ;  from  Chilcombe  it  continues  in  a  southerly  direction 
througli  West  (/ompton  and  Wynford  Eagle.  It  fringes  the  base  of 
two  Chalk  outliera,  the  major  axis  of  the  larger  one  taking  a  north- 
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esterly  direotion  from  Fiome  Vanohuich  through  Toller  to  Ched- 
ington,  that  of  the  lesser  from  Wraxall  to  Melbury.  The  outliers 
r  PillesdoD,  Lambert  Castle,  Stonebarrow  Hill,  Golden  Cap,  and 
ype  Down,  form  the  most  western  representatives  of  the  series; 
;  flanks  the  great  Oolitio  rale  of  Blackmore  from  Melbury  to 
tiaftesbury  with  only  one  interruption  at  Buck]  and  Newton.  At 
yon's  GUte  a  spxur  of  the  series  takes  a  southerly  direction,  and 
)oupies  a  narrow  valley  to  Ceme  Abbas ;  small  outliers  occur  at 
^dling,  Holcombe,  and  Hilton. 

The  Chloritic  Marls  at  the  base  of  the  Chalk-range  which  bounds 
le  southern  and  eastern  sides  of  the  Yale  of  Blackmore  and  the 
nstey  valley  are  very  fossiliferous ;  the  uppermost  bed,  consisting 
"  an  argillaceous  limestone,  is  characterized  by  the  Cephalopod 
caphiies  agualis;  its  principal  development  is  at  Chard,  Monckton, 
ranbome,  and  Chaldon,  where  it  does  not  exceed  eighteen  inches 
I  thickness. 

In  the  palseontological  collection  of  the  British  Museum  is  the 
em  of  a  tree-fern,  Catdopteris  punetatus,  from  the  neighbourhood 
'  Shaftesbury ;  it  is  a  cast  in  sandstone,  and  exhibits  indications  of 
temation  of  climate,  or  seasonal  interruptions  to  its  growth.^ 

Uppeb  White  Chaxk  with  Flints. — ^A  marine  formation  of  great 
ickness,  consisting  of  nearly  pure  carbonate  of  lime  precipitated 
id  deposited  at  the  bottom  of  the  sea,  and  in  some  cases  consisting 
'  from  ninety  to  ninety-five  per  cent,  of  Foraminifera.  The  differ- 
108  between  the  Upper  and  Lower  Clialk  is  the  absence  of  flints  in 
le  latter ;  there  are  fossils  special  to  each  division,  most  of  which 
ridence  deep-sea  conditions. 

Denudation  has  been  actively  carried  on  wherever  the  Chalk 
»rmation  exists  in  Dorsetshire,  but  owing  to  the  absence  of  definite 
arks  indicating  any  particular  horizon,  it  is  difficult  to  determine 
8  relative  position.  The  beds  of  flints  which  cover  extensive  tracts 
'-  Chalk  containing  undisturbed  layers  of  flint,  afford  evidence  not 
ily  of  the  immense  thickness  of  the  original  mass,  but  also  of  the 
lormous  amount  of  material  which  has  been  removed.  The  whole 
roup  may  be  viewed  as  one  continuous  series,  with  a  Fauna  which 
iries  no  more  than  might  be  expected  from  the  varied  circumstances 
'  its  deposition  through  a  lapse  of  ages.  The  beds  rise  at  Chil- 
imbe  with  a  bold  escarpment  characteristic  of  the  formation  ;  from 
liiloombe  Hill  east  of  Bridport  to  Lul worth,  whence  it  is  contracted 
ito  a  narrow  elevated  isthmus,  to  Ballard  Down,  which  divides 
ivanage  and  Studland  Bays.  The  most  southern  extension  is  on 
e  west  side  of  the  county  south  of  the  village  of  Abbotsbury,  its 
)rthem  boundary  flanks  the  vale  of  Melbury,  and  with  various 
idulations  towers  over  the  Vale  of  Blackmore  from  Minterne  to 
laftesbury,  and  continues  conterminous  with  Wiltshire,  from  thence 

Boveridge,  where  it  takes  a  southerly  direction  to  Wimborne,  and 
esterly  to  Bere  Eegis,  the  Woolwich  and  Beading  Beds  reposing 
I  it.     From  Corscombe  to  Shaftesbury  it  rests  exclusively  on  the 

»  See  paper  by  Mr.  W.  Carruthers  in  Geol.  Mao.,  1866,  Vol.  II.  p.  484,  PI.  XIII. 
ig.  A. 
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Upper  Qreensand,  but  here  and  tbere  it  is  concealed  by  news 
deposits ;  it  has  a  dip  varying  from  10^  to  90^.  At  Bedlard  Dowi 
the  Chalk  is  vertical,  the  horizontal  strata  being  enddenly  toned 
upwards  into  a  curve,  which  is  easily  traced  by  the  layers  of  flinti 
with  which  it  is  interspersed ;  this  arises  from  a  fault  the  evidenos 
of  which  is  seen  in  its  greatest  intensity  and  force  at  Cocknowle  and 
again  east  of  Corfe  Castle.  The  Upper  Chalk  (whose  cliaracteristk 
fossils  are  Rhynchonella  or(op2tcaia,  Sow.,  Lima  spinotOy  Bow.,  and 
Maraupites  Milleri,  Mant.)  prevails  on  the  northern  side  of  the  range 
meeting  the  Tertiaries  at  a  very  low  angle,  dipping  gently  to  the 
north-east  beneath  overlying  sands  and  clays,  llie  Lower  Chalk  ii 
well  exposed  at  Houghton  and  Hilton,  where  the  beds,  are  madi 
disturbed;  they  contain  several  species  of  Inoeeramua  and  the 
Brochiopod  Ehtftiehonella  Cuvieri. 

Tbrtiabt  Series. — Lower  Eocene. — ^The  lowest  of  this  series,  the 
Thanet  Sands,  are  absent  in  Dorsetshire,  and  they  do  not  appear  far 
to  the  west  of  London.  The  Woolwich  and  Reading  Beds,  the  next 
in  succession  (with  the  exception  of  two  isolated  spots  in  the  neigh- 
bourhood of  Blackdown  and  Bincombe),  do  not  appear  west  of 
Knighton.  They  are  composed  of  sands,  pebble-beds,  and  dayi, 
accompanied  in  some  places  at  the  base  with  green-coated  flints, 
which  may  be  favourably  seen  at  Studland  Bay  and  in  a  pit  nesr 
Pamphill,  Wimbome;  a  small  section  of  light-red  mottled  dayi 
and  pebble-beds  over  the  Chalk  occurs  at  Lulworth  Park.  At 
Crendio  Common  near  Cranbome  is  a  red -mottled  plastic  clay,  ex- 
tensively used  for  potteiy  of  a  coarse  character.  At  Chalbury  Hill 
near  Horton  are  pale-grey  mottled  clays,  with  an  overlying  bed  of 
flint  pebbles;  at  East  Bloxworth  this  series  is  represented  by  a 
pale-grey  sandy  pipe-clay,  containing  leaves  of  plants.  From  the 
neighbourhood  of  Cranbome  to  Wimbome  and  Bere  Regis  it  overHes 
the  Chalk  with  a  discontinuous  broken  margin ;  at  Tincleton  a  narrow 
isthmus  of  Chalk  intei*venes,  and  the  Poole  Tertiary  basin  is  its 
utmost  westem  boundary  at  Yellowham.  The  alluvial  valley  of  the 
Frome  divides  it  at  Lewell,  and,  after  making  a  curve  through  West 
Knighton,  whore  the  mottled  clays  almost  disappear  and  are  replaced 
by  coarse  sands,  irregular  pebble-beds,  and  whitish  clays,  it  reaches 
the  southern  margin  of  the  Poole  basin  near  Broadmayne,  and  at 
Littlemaync  the  Chalk  is  overlaid  by  sands  which  in  one  place  are 
concreted  into  large  blocks  of  sandstone,  the  ordinary  Druid  Stone ; 
it  flanks  the  south  side  of  the  Poole  basin  from  Warmwell,  Winfrith, 
and  Wool,  where  it  takes  a  southerly  direction  to  Lnlworth,  and 
joins  the  Purbeok  range  at  White  way,  which  commences  about  a 
mile  north  of  Durdle  Door,  extending  to  Studland ;  it  follows  with- 
out interruption  the  northern  Itase  of  the  Chalk  range  at  West  Lul- 
worth ;  there  are  small  outliers  also  at  Milbome  St  Andrew,  Came, 
Bincombe,  Bi*adford  Peverell,  and  the  lofty  Blackdown.  The  Wool- 
wich and  Bea<ling  Beils  form  a  salient  feature  in  the  landscape^ 
owing  to  the  prevalence  of  oak,  which  grows  freer  and  better  upon 
them  than  on  the  strata  above  or  below ;  their  line  of  demarcation 
may  be  at  once  recognized  by  this  peculiarity. 
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The  blooks  of  Grey  Wethers,  Sarsen  Stones,  or  Druid  Stones,  which 
are  scattered  over  the  surface  of  the  Chalk,  and  older  formations, 
•aoh  as  the  sacoharoid  sandstone  of  Portisham  and  Bridehead  valleys, 
or  the  red  sandstones  at  Winterbome  Whitchurch,  Milbome  St 
Andrew,  etc.,  are  thought  by  Mr.  Prestwich  to  belong  to  the  Wool- 
wich and  Beading  Beds.  Near  the  village  of  Broaomayne  on  the 
Wareham  road  are  several  blocks  of  indurated  masses  of  sandstone 
(Druid  Stones)  tti  st^  left  denuded  by  the  force  which  scooped  out 
the  valley.  The  Portisham  and  Bredy  breccias  differ,  inasmuch  as 
they  are  conglomerates  of  flint,  and  transported  from  their  original 
position  by  torrential  action  into  these  deep  vaUeys. 

London  Glat. — ^Immediately  resting  on  the  Woolwich  and  Read- 
ing Beds  is  the  basement-bed,  as  termed  by  Mr.  Prestwich ;  it  is 
usually  composed  of  femiginous  brown  clayey  sands.  At  East 
Bloxworth  it  contains  nodular  concretions  of  clay-ironstone,  peroxide 
of  iron,  and  rounded  flint-pebbles :  it  is  a  constant  attendant  of  the 
Woolwich  Series  in  the  comity  from  Chalbury  to  Knighton,  but  is 
absent  on  Piddletown  Heath  and  the  outliers  westward  to  Blaokdown. 

MiDDLS  EooKNB. — ^Lowcr  Bagshot — These  beds  consist  of  a  thick 
deposit  of  sand  and  clays ;  they  are  extensively  developed  on  the 
eastern  side  of  the  county,  forming  the  main  portion  of  the  clay  and 
heath  district  included  within  the  Poole  basin.  They  are  remarkable 
in  Dorsetshire  for  their  important  strata  of  pipe-clay,  which  is  worked 
at  Creech  Orange,  Nordon,  and  Rempstone.  The  export  of  this  clay 
in  1870  from  Poole  was  60,210  tons.  Mr.  Prestwich  considers  the 
Lower  Bagshot  series,  both  in  Hampshire  and  Dorsetshire,  to  be 
derived  from  the  wear  and  denudation  of  land  consisting  of  the 
older  and  crystalline  rocks;  the  condition  of  the  material  being 
similar  to  rocks  such  as  now  form  the  strata  of  Cornwall  and 
Brittany.  Mr.  Maw,  however,  thinks  that  these  beds  have  been 
derived  from  the  denudation  of  a  Chalk-tract.  The  grains  are  larger 
and  coarser  at  Poole  and  Studland  than  in  the  Isle  of  Wight,  where 
they  pass  into  grits.  An  old  land  seems  to  have  existed,  of  which 
Cornwall  and  Brittany  remain,  the  intermediate  portion  having  been 
submerged  and  destroyed;  the  fossil  remains  point  to  the  same 
conclusion,  for  the  plants  they  contain  are  more  numerous  and 
better  preserved  as  we  proceed  from  east  to  west,  and  become  moi*e 
plentiful  at  Bournemouth,  Studland,  and  Poole  than  at  Alum  Bay. 
In  the  compact  clays  of  these  localities  there  are  not  only  Dicotyle- 
donous leaves  but  numerous  fronds  of  ferns  allied  to  Qleichenia, 
which  are  well  preserved,  with  their  fruit,  a  genus  which  existed  in 
the  Cretaceous  and  Oolitic  periods  and  now  inhabits  the  Cape  of 
Qood  Hope  and  New  Holland.  In  the  midst  of  these  leaf-beds,  in 
Studland  Bay,  freshwater  shells  of  the  genus  Unio  attest  the  fresh- 
water origin  of  the  white  clay.*  The  fruit  of  a  member  of  the  Arelia 
fjEunily,  now  confined  to  North  America,  New  Zealand,  Japan,  and 
the  East,  has  been  found  at  Bournemouth  by  Mr.  Mitchell.  Fine 
specimens  of  the  leaves  of  a  Palm  (of  the  genus  Sabal)  have  been 
found  at  Studland  and  Corfe.     The  river  of  that  period  may  have 

'  Ljell,  Student's  Elements  of  Geology,  1871,  p.  238. 
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passed  through  a  district  of  granitic  and  syenitio  rocks  which 
brought  down  these  pure  kaolin  clays.  The  coarser  materials  and 
quartzose  grits  were  probably  drifted  from  their  original  position 
either  by  periodical  or  intermittent  floods. 

The  occurrence  of  isolated  Tertiary  patches  resting  here  and 
there  on  the  Chalk,  of  which  the  one  at  ToUard  Royal  is  furthest 
from  the  central  mass,  leculs  to  the  supposition  that  denudation  hiu 
removed  the  large  masses  which  intervened,  and,  as  has  been  already 
hinted,  probably  extended  far  over  the  Chalk  below. 

The  heaths  of  Bere  Regis,  Affpuddle,  and  Piddletown,  are  here 
and  there  pitted  with  circular  conical  hollows,  resembling  the  upper 
portion  of  an  hour-glass ;  they  vaiy  from  60  to  80  yards  in  circum- 
ference ;  the  largest  is  280  yards  round.  They  are  supposed  to  be 
swallow-holes,  the  result  of  the  dissolution  of  Chalk  by  means  of 
the  carbonic  acid  contained  in  the  rain-water,  and  the  subsidence  of 
the  superjacent  sands  into  the  resulting  hollow  causing  a  depressioa 
of  the  surface  like  that  which  takes  place  in  the  sands  of  an  hour- 
glass soon  after  it  has  begun  to  run.  Tlie  Rev.  0.  Fisher  considers 
that  the  formation  of  these  pits  was  subsequent  to  the  outspread  of 
the  superficial  gravel. 

Superficial  Gravels,  etc. — Gravels  and  Brick-earths  cover  the 
surface  of  the  heath -lands,  as  well  as  lai^  portions  of  the  Chalk  and 
the  Oolites,  on  the  border-lines  of  the  Vale  of  Blackmore. 

The  High-level  Gravels  are  all  rounded  by  water-action,  and 
originate  from  beds  of  which  we  have  fragmentary  traces  in  several 
parts  of  the  county,  but  which  do  not  now  exist  nearer  than  Corn- 
wall, porphyry,  granite,  and  quartz  being  their  constituent  parts; 
they  cover  the  table-land  between  Bournemouth  and  Poole,  which 
forms  the  eastern  extremity  of  the  extensive  tract  of  land  of  which 
Picket  Plain  and  Ochnell  form  the  northern  boundary,  and  were 
probably  spread  out  previous  to  the  wearing  away  of  the  surface  of 
the  present  existing  valleys.  The  lower  gravel-beds  are  represented 
largely  throughout  the  county,  not  only  covering  the  deep  combes 
which  intersect  the  coast-line,  but  lie  at  the  base  and  sides  of  many 
of  the  inland  valleys.  Those  of  the  Stour  and  Piddle  have  yielded 
remains  of  Elephas  primigeniua  and  Rhinoceros  tichorhinus  ;  at  Gains 
Cross  near  Durweston  tusks  of  the  former  and  teeth  of  the  latter 
were  met  with  in  the  railway-cutting  in  a  bed  of  flint-gravel  60  feet 
above  the  river.  Mr.  Shipp  (of  Blandford)  has  a  good  collection  of 
the  remains  of  these  pachyderms,  from  a  pit  in  the  nursery-gardens 
between  the  town  of  Blandford  and  the  turnpike-gate  on  the  Dor- 
chester road ;  molar  teeth  of  Elephas  primigenhis  were  found  some 
years  ago  at  Dewlisli,  in  a  tributary  of  the  river  Piddle.  The  Avon 
too  has  yielded  elephants'  teeth  in  gravels  40  feet  above  the  river. 
Elephant,  Bison,  and  Deer  remains  were  exhumed  from  a  bed  of 
gravel  at  a  combe  at  Encombe,  the  seat  of  the  Earl  of  Eldon. 

There  are  evidences  of  man's  occupation  in  the  cliffs  near  Bourne- 
month  in  the  occurrence  of  flint  implements  among  the  gravels  120 
feet  above  the  sea-level.  Owing  to  the  absence  of  organic  remaina, 
it  is  impossible  to  decide  as  to  the  origin  of  these  gravels,  whether 
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ley  result  from  fluviatile  or  marine  agency.  Mr.  Oodrington  con- 
ders  the  gravels  covering  the  table-lands  at  the  highest  levels  are 
f  far^greater  antiquity  than  the  valley-gravels  of  the  rivers,  which 
^ere  probably  formed  previous  to  tiie  disruption  of  the  Isle  of 
iTight  from  the  mainland ;  also  that  the  rivers  reaching  the  sea  by 
'oole  Harbour,  Christchurch,  and  Southampton,  were  afflu^its  to  an 
ituary  opening  into  the  sea  in  the  direction  of  Spithead. 

The  last  movement  appealrs  to  have  been  one  of  subsidence,  and 
le  OGcurrenoe  of  several  submerged  forests  around  our  coasts  gives 
ood  reason  to  lead  to  this  supposition.  Those  of  Bournemouth  and 
a  the  north  side  of  Poole  Harbour,  Sir  Charles  Lyell  makes  an 
coeption  to,  and  attributes  their  submergence  in  modem  times  to 
le  washing  out  of  the  subjacent  sandy  strata  on  which  they  rested, 
ad  not  to  a  general  subsidence  or  change  of  level.  In  several  parts 
f  the  county,  especially  on  the  chalk-uplands,  drift-beds  occur  of 
>cal  origin  varying  from  flint-rubble  and  brick-earths  to  sandy 
lays.  Sponges,  Echinoderms,  and  Brachiopods  (the  usual  Chalk 
>ssils)  are  plentiful  in  these  deposits,  which  represent  the  redistri- 
ntion  of  the  older  gravels  during  the  Pleistocene  age. 

Sub-aerial  Deposits. — Chesil  Bank.^ — This  remarkable  beach 
ins  from  Portland  to  Burton  Bradstock,  a  distance  of  18  miles. 
Eessrs.  Bristow  and  Whitaker  consider  it  to  have  been  an  ordinary 
each  subsequently  separated  from  the  mainland  by  denudation.  It 
I  connected  with  the  mainland  from  Burton  to  Abbotsbury,  where 
narrow  channel,  the  Fleet,  which  extends  to  Wyke  Ferry,  separates 
.  At  Abbotsbury  its  base  is  about  170  yards  in  width,  and  its 
rest  22  feet  above  the  level  of  the  sea.  At  Portland  its  base  is  200 
ards  wide,  and  its  crest  42  feet  in  height.  The  separation  of  the 
ind  from  the  beach  is,  doubtless,  owing  to  the  configuration  of 
le  coast-line,  which  is  without  any  high  land  or  cliff  from  Burton 
)  Abbotsbury ;  and  the  several  streamlets  which,  through  the  im- 
erviousness  of  the  subsoil,  and  eastward  trend  of  the  coast,  are 
iverted  from  their  seaward  course,  succeed  each  other,  and  rill  after 
ill  by  their  united  power  attain  sufficient  force  to  excavate  a  chan- 
el,  while  the  influx  and  reflux  of  the  tide  have  contributed  towards 
le  formation  of  the  Fleet,  on  whose  bosom  nearly  1000  swans 
>am, — the  unique  and  enviable  possession  of  the  Earl  of  Ilchester. 
"he  Isle  of  Portland  has  acted  as  a  base  or  breakwater  in  the 
>rmation  of  the  Chesil  Bank.  Between  Studland  and  South  Haven 
lere  is  a  large  accumulation  of  shingle,  derived  from  the  submerged 
eds  as  well  as  from  the  re-formation  of  older  gravels. 

The  raised  beach  at  Portland  Bill  consists  of  pebbles  cemented 
)gether  with  comminuted  shells ;  it  is  30  or  40  feet  above  the  sea- 
jvel,  and  about  three  feet  thick.  A  projection  southward  shows 
aother  conglomerate  with  shells,  chiefly  Liiiorina  liitorea,  Litiorina 
itoralisy  and  Patella  vidgata.  This  ancient  beach  terminates  after  a 
Durse  of  250  yards.     A. bed  of  shingle  caps  the  cliff  at  the  Bill,  and 

1  See  a  paper  "  On  the  Formation  of  the  Chesil  Bank/'  by  H.  W.  Bristow,  and 
r,  Whitaker,  Geol.  Mag.  Vol.  VI.  p.  433  (1869).  Also  J.  Coode  in  Proc.  Inst, 
iy.  Eng.  vol.  xii.  p.  620  (1863). 
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extends  some  way  inland.^  Traces  of  an  upheaval  are  absent  m 
the  mainland  owing  to  the  destructible  character  of  the  coast-liBfc 
There  are  some  other  instances  of  sub-aerial  deposita  iu  the  ooanty; 
the  most  remarkable  of  these  is  at  Blashenwell,  betweiBn  Corfe  Cadi 
and  Kingston,  where  a  tufaceons  deposit  about  10  feet  thick,  ooft- 
taining  land,  fresh- water  and  marine  shells,  bones  of  animals,  aai 
wood,  is  spread  over  the  clays  of  the  Hastings  Sands  at  thob 
junction  with  the  Purbeck  Beds;  it  appears  to  have  been  thenta 
of  a  small  lake  which  became  silted  up  by  the  deposition  of  linn 
held  in  solution  in  the  water  which  passed  through  it.  Tht 
source  which  supplied  the  water  of  the  lake  still  exists,  and  flam 
into  the  Corfe  river  by  the  channel  it  has  cut  for  itself  Uiroug|h  thi 
tufa.  The  presence  of  mmne  sheUs  may  be  accounted  for  by  tk 
agency  of  man,  during  the  establishment  of  an  ancient  settlement  ot 
the  banks  of  the  lake ;  this  supposition  is  strengthened  by  simikr 
evidences  in  the  neighbourhood,  two  of  which  are  close  at  hand  oi 
the  Kimmeridge  Cliffs,  showing  a  lengthened  occupation  by  msiii 
and  where  the  remains  of  sea  molluscs,  bones  of  animals,  and  the 
accumulated  fragments  or  refuse  of  human  food,  are  present  It 
seems  scarcely  possible  that  any  depression  of  the  Corfe  Valley  on 
the  north  or  south  of  the  Chalk-range  could  have  been  the  means  of 
introducing  marine  organisms  even  with  the  aid  of  a  tidal  river. 

Until  recently  the  Coal-measures  were  supposed  to  offer  the  onlj 
proofs  of  an  ancient  Flora,  but  the  presence  of  plants  at  every  geo- 
logical period  is  now  incontestably  established.'  The  Devonian 
epoch  presents  Conifer {p,  Sigillaricey  Cnlamiies,  and  Ferns,  as  well  as  . 
fruits,  sucli  as  Cardiocarpon  and  Trigoiwcurpnmy  which  are  also 
Carboniferous.  The  earliest  known  Insects  are  in  the  Devonian 
strata  of  St.  John's,  New  Brunswick.  The  Permian  Flora  have  a 
resemblance  to  that  of  the  Coal -period ;  the  Trias  plants  are  chiefly 
analogous  to  those  of  the  Secondary  rocks.  During  the  Oslitic 
period  the  abundance  of  the  Cycadea  compared  with  the  diminisbing 
ratio  of  Equisetaceec  and  Ferns  points  to  the  existence  of  a  clearer 
atmosphere  and  lower  temperature,  although  a  higlier  one  than  that 
which  now  prevails  in  Europe.  Among  tlie  vegetable  remains  of 
the  Lias,  several  species  of  Zamia  have  been  found  at  Lyme  Regi& 
At  the  base  of  the  Upper  and  Lower  Lias,  resi>ectively.  Insect-beds 
occur ;  containing,  b(3si(le8  Insects,  small  Fish  and  Crustacea,  marine 
shells,  as  well  as  Ferns,  Cycads,  and  leaves  of  Monocotyledonous 
plants,  and  apparently  brackish  and  fresh-water  shells.  Tlie  Insects 
include  wood-eiiting  and  herb-devouring  beetles,  and  some  grass- 
hoppers. There  are  evidences  of  a  terrestrial  and  marine  vegetation 
from  the  lowest  to  the  uppermost  ])ed8  of  the  Oolites,  and,  though 
the  sequence  of  the  genera  has  not  as  yet  been  traced  through 
each  successive  stage,  they  re-api>ear  between  intervals  of  seveial 

^  When  visiting  the  Isk'  of  Portland  in  August  last  in  company  with  Mr.  Prestwidu 
that  j^enrleman  pointed  out  to  me  undoubted  proort  of  Glacial  action  which  hid 
hitherto  escaiMid  notice. — J.  0.  M.-F*. 

•  See  paper  by  II.  Woodward  on  the  Carboniferous  and  other  Old  Land  Surfaeo^ 
GaOL.  Mao.,  1871,  Vol.  VIII.,  p.  492. 
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ods.  The  Flora  of  the  Wealden  is  characterized  by  a  great 
Qdanoe  of  CwiifertBy  Oycadea,  and  Ferns,  and  by  the  absence  of 
'es  and  fruits  of  Dicotyledonous  Angiosperms.  Gyrogon\te$,  or 
re-vessels  of  Gkaray  so  plentiful  in  the  Tertiary  strata,  were 
ad  in  1855  in  the  Hastings  Beds  of  the  Isle  of  Wight.  The 
icene  Beds  of  Europe,  which  have  probably  their  only  English 
ivalents  at  Bovey  Tracey  in  Devonshire,  present  a  vegetation 
ering  little  from  that  of  the  present  day.  The  plants  of  the 
•merged  forests  of  our  coasts  at  Cromer,  Torquay,  and  elsewhere, 
itain  identical  species  with  those  now  growing  in  England, 
rrom  what  has  been  already  brought  before  our  notice  it  is 
ir  that  Araucarias,  Pines,  Gycads,  Zamias,  and  other  exogenous 
nts  now  growing,  have  their  generic  representatives  as  early  as 

Secondary  epoch.  The  persistence  of  a  species  tlirough  more 
n  one  geological  period  can  seldom  be  traced ;  gape  intervene, 
I  it  is  only  indirectly  that  the  changes  which  have  taken  place 
the  earth's  surface  can  be  determined,  the  evidences  being  too 
^uently  rendered  obscure  by  the  superincumbent  beds,  or  placed 
^ther  beyond  our  reach  in  the  depths  of  the  sea.  Tlio  fact  that 
Cretaceous  beds  of  Dorsetshire  rest  unconformably  on  the  beds 
ow  shows  that  a  great  interval  of  time  elapsed  between  the 
position  of  the  two  series,  and  accounts  for  the  dissimilarity  of 
ir  Faunas.     There  are  instances,  however,  where  the  chain  of 

is  unbroken,  and  uninterruptedly  carried  on,  although  accom- 
Lied  by  the  continual  appearance  of  new  forms. 

'oTB. — The  Geology  of  the  County  of  Dorset  is  illustrated  by  the  following  works 
lished  by  the  Geological  Sunney  of  England.  Maps  on  a  scale  of  one  inch  to  a 
iy  Sheets,  15,  16,  17,  18,  21,  22.  Horizontal  Sections,  Sheets  19,  20,  21,  22, 
66.    Vertical  Sections,  Sheet  22. 

IxBATUM. — In  the  first  part  of  this  paper,  which  appeared  in  our  September 
nber,  at  p.  409. 

3eTen  lines  from  top  of  page, /or,  "are  in  the  British  Museum,**  ready  "are  in 
the  Ely  Museum." — Edit.  Gbol.  Mao. 


. — ^Thb  Paubontolooy  of  thb  Post-qlaoial  Bbifts  of  Ibelamd. 

By  Alfrxd  Bkll. 

HAD  hoped  that  ere  this  some  one  better  acquainted  than  my- 
self with  Irish  post-Tertiary  Greology  would  have  collected  into 
)  memoir  the  details  scattered  throughout  the  various  scien- 
c  journals,  thus  enabling  English  geologists  to  compare  the 
er  deposits  of  Britain  with  those  of  the  sister-kingdom.  Since 
one  has  done  so,  I  venture  to  put  some  notes  of  my  own  upon  the 
yject  before  the  readers  of  the  Geological  Magazinb,  especially 
in  some  recent  discussions  upon  the  Irish  drift,  ''Palseontological 
«ession"  has  not  received  the  consideration  it  may  fairly  claim. 
Formations  in  different  localities,  producing  groups  of  fossils 
lich,  if  not  exactly  the  same,  taken  species  by  species  are  so  in 
>ir  general  aspect,  may  reasonably  be  considered  to  be  of  the  same 
5,  since  it  is  rarely  if  ever  the  case  that  the  same  biological  con- 
inns  return  at  different  periods.  It  may  also  be  assumed  that 
lere  formations  in  two  localities  contain  fauneis  widely  divergi^nt 
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in  their  relations  to  each  other,  then  the  conditions  under  wlw^ 
tliost^  faunas  existed  were  not  alike,  although  the  physical  stractm 
may  be  the  same,  and  the  deposits  close  to,  or  even  dovetailing  ub 
on  J  another.  Assuming  these  premises  to  be  correct,  it  follows  thit 
if  the  fauna  of  any  given  locality  is  well  or  fairly  known,  then  the 
place  of  such  deix)sit  in  the  geologic  scale  may  be  found  by  com- 
parison witli  other  deposits  whose  place  lias  been  definitely  fixed. 

The  coasts  of  Ireland  are  more  or  less  mountainous,  the  iuteiior 
cotmtry  or  central  plain  being  nearly  flat,  Carboniferous  Limestone 
forms  the  floor  of  this  plain,  a  line  drawn  from  Sligo  to  Drogfaedi 
Bays  indicating  its  northern  boundary,  and  another  line  from  Gradwaj 
to  Drogheda  Bay  its  southern  limits.  Tlie  whole  of  this  plain  (ai 
well  as  the  entire  mountainous  districts)  is  much  glaciated,  rock- 
scoring  abounding  where  the  fundamental  rock  is  freshly  exposed 
and  is  covered  more  or  less  with  dihris,  the  greater  portion  being 
local  in  its  derivation  ;  a  detritus  produced  at  a  later  period  than  the 
ridges  of  true  Boulder-clay,  which,  by  their  parallel  arrangement 
with  the  striations  in  their  vicinity,  are  o^'idcntly  due  to  the  same 
cause,  i.e.  Ice.  Tlicso  are  more  plentiful  in  the  central  parts  of  the 
island,  West  Connaught  and  Mayo,  Longford,  Cavan,  Westmeath. 
and  Dublin,  and  thence  northwards  (but  much  less  plentiful)  in  tJie 
direction  of  Lough  Foyle.  A  second  series  commences  at  the  ex- 
treme west  of  Co.  Clare,  |)assiug  northwards  into  Gal  way  by  Lougfarei^ 
deflecting  southwards  into  Tipperary. 

The  effects  of  glaciation  are  not  equally  visible  over  all  the 
mountain  heights,  some  being  smooth  and  rounded  at  their  very 
tops,  while  others  beyond  a  certain  line  bristle  with  jagged  rock- 
masses  and  pinnacles,  all  below  being  smooth  and  bare  except  for 
trauspoi*ted  rocks.  In  Connaught  the  glaciation  extends  to  alK)>>3 
•2,000  feet,  but  in  the  Dublin-Wexibrd  Hills  summits  of  3.000 
feet  are  rounded  in  their  outlines.  With  one  exception  above  2,400 
feet  the  Cork  and  Kerry  mountains  are  peaked  and  rugged,  covered 
witli  the  coarsest  angular  rfe'^ris,  the  result  of  atmospheric  action; 
but  Mount  Mangerton,  singular  to  say,  placed  in  the  very  midst  of 
the  district  in  question,  is  completely  rounded,  its  summit  being  at 
an  elevation  of  2,700  feet. 

The  greater  part  of  the  country,  with  the  exceptions  presently  to 
bo  mentioned,  is  covered,  as  already  stated,  with  drift,  local  in  it* 
origin,  but  modified  by  the  intermixture  of  rocks,  never  very  large 
in  size,  derived  from  the  mountain  baiTiers  of  the  plain. 

There  is  no  internal  evidence  as  to  \\\q  exact  aare  of  the  limestone, 
drift,  since  organic  remains  are  rarely  present  in  it.  The  drift  is 
of  two  kinds,  a  top  gravel  of  clean  sand  and  rounded  pebbles  with 
little  clay,  reT)osing  upon  a  stiff  clay  full  of  rounded  or  angular 
masses — the  "manure  gravel"  in  part  of  some  authors.  The  top 
gravel  is  often  piled  up  into  eskers  many  miles  in  length. 

Perched  upon  the  top  of  the  eskers,  sciittered  over  the  low  grounds 
or  placed  high  up  the  mountain-sides,  are  many  large  "blocs- 
perches,"  somo  weighing  above  100  tons.  In  the  central  districts 
they  have  floated  from  the  Galway  mountains  southward  over  the 
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ieve  Bloom  range,  into  King's  and  Queen's  Counties.     But  west  of 

e  Ox  and  Curlew  mountains  in  Sligo,  the  shores  and  low  grounds 

B  coTered  with  sandstones  and  granites  transported  in  the  opposite 

rection. 

The  largest  erratic  in  Ireland  lies  in  the  valley  of  the  river  Tay, 

ar  Eilmacthomas,  Co.  Waterford,  measuring  50  x  35  x  18  feet, 

rried  2^  miles  away  from  the  parent  rock. 

It  is  singular  that  no  fossils  have  been  noticed  in  the  gravels  of  so 

eat  a  part  of  Ireland.      A 'few  My  tilt  in   Sligo,  a  Buccinum  in 

oate,  Co.  Westmeath,  and  a  few  fragments  in  Tipperary,  appear  to 

i  all  that  have  been  seen. 

Having  thus  outlined  the  non-fossiliferous  (?)  Pleistocene  deposits, 

turn  to  the  drifts  which  have  yielded  organic  remains. 

Beneath  25  feet  of  Boulder-clay,  in  a  river-valley,  near  6ort,  Co. 

ilway,  sands  and  clays  occur,  according  to  Mr.  Einahan,  containing 

joks,  fir-cones,  etc.,  and  in  Queen's  County,  beneath  a  similar  ac- 

mulation,  stratified  clay,  sand,  and  gravel  have  been  proved  in 

•ring  for  coal.     In  two  or  three  places  beds  of  peat  were  present. 

lese  infra-clay  beds  may  be  either  pre-  or  inter-glaciaL 

From  Denial  a  drift  of  a  totally  different  kind   to  that  first 

sntioned  proceeds   eastward,  covering  the  northern  counties  of 

nry  and  Tyrone,  picking  up  fragments  and  rock-masses,  till,  in  the 

^ast  and  more  southern  districts,  it  forms  a  tenacious  clay,  full  of 

ocks,  sometimes  glaciated,  of  quartz,  syenite,  mica-slate,  porphyry, 

anite,  and  Antrim  Chalk,  varying  from  a  pebble  to  large  masses  of 

veial  tons  in  weight,  as  well  as  those  of  local  origin.    At  Boveragh 

Derry  the  clay  rises  to  a  height  of  450  feet  above  the  sea,  and 
ntains  many  fossils  although  of  but  few  species.  These  are  Turri- 
!{a  Urehra,  Cyprina,  and  Leda  oblanga. 

In  Fermanagh,  Tyrone,  and  Armagh,  local  boulders  predominate, 
e  northern  rocks  being  scarce.  In  the  river- valleys  and  those  sur- 
unded  by  hills  and  high  ground,  the  sands  and  gravels  are  often 
minated  and  interstratified.  As  no  fossils  are  known  from  them, 
er  may  be  the  remnants  of  interglacial  deposits. 
On  the  banks  of  the  Lagan  and  the  southern  shores  of  Belfast 
>ugh  the  clay  has  yielded  to  Messrs.  Bryce  and  Hyndman  a  good 
ries  of  fossils,  thirty-seven  species  in  all.  Of  these,  only  two — 
ida  ohlonga  and  Trophon  clathratum — are  extra-British.  Buccinum 
nforme  is,  I  think,  a  doubtful  identification.  Two  specimens  of  an 
most  extinct  British  form,  Fusus  contrarius,  were  also  collected. 
le  other  species  are  added  to  the  list  of  fossils  from  the  Dublin 
strict,  with  which  they  closely  agree. 

From  a  stratified  bed  of  gravel  on  the  side  of  the  road  from  Lame 
Olenarm,  Mr.  Jeff'reys  procured  a  series  of  fossils  totally  differing 

character  from  those  just  mentioned.  Out  of  sixteen  species  of 
ells,  not  less  than  seven  are  extra-British  forms.  These  are  Led4i 
longa,  TelHna  proximal  Bhynchonella  psittacea,  Natica  nffinis^  PI  euro- 
na  Pingdli  {Vahlii),  Trophon  clathratumj  and  Turriiella  erosa.  Such 

assemblage  of  outer  British  forms  totally  separates  this  Lame 
avel  from  the  drifts  of  Belfast  and  Dublin,  shortly  to  be  referred  t(i« 

rOL.  X. — NO.  cxii.  1^ 
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With  the  fauna  of  the  Lame  gravels  I  am  disposed  to  laooii 
that  of  the  hest  known  of  the  submarine  shell-banks  (tin  TvMl 
bank)   lying  oflf  the  mouth  of   Belfast  Bay  northwards.   Se^si] 
conchologiflts  are  disposed  to  claim  tlie  shells  as  recent  forms; Mi' 
many  are  unknown  in  British  waters  that  it  is  worth  consldai|! 
whether,  as  has  been  suspected,  there  is  not  herearichly-fossiUlaMi' 
Post -Tertiary  deposit. 

I  owe  to  Mr.  Waller  (Tyrone)  and  Mr.  Stewart  (Belfast)  ^ 
opportunity  of  looking  over  some  parcels  of  stuff  dredged  off  Ai 
liauk.     None  were  live  shells,  but  idl  had  a  poreellanous  or  hyabb 
glnzc,  and  were  devoid  of  colour,  differing  in  these  respects  firoB 
their  recent  analogues. 

Of  220  species  listed  from  the  bank,  not  more  than  five  per  oaL 
were  found  living — an  exceedingly  small  proportion.  Amongst  tb 
species,  all  of  which  are  small,  intermixed  with  Celtic  and  southen 
forms,  are  nine  or  ten  whose  congeners  now  live  in  the  northern  seu; 
and  I  submit  that  if  a  deposit  containing  such  forms  as  Bwedwm 
cyaneum^  Cerithium  niveum,  Columbella  Holbdllii,  Margarita  dntrm, 
M,  pmiUa,  M.  undtdatuSy  Natica  affinhy  Scalaria  Esehrichtii,  vol 
Trophon  clathratus,  were  placed  ever  so  little  above  the  sea-lefdt 
instead  of,  as  this  is,  150  feet  below,  we  should  at  once  relegate  it  to 
some  part  of  the  Post-Tertiary  series,  as  I  propose  doing  in  this  os8& 

The  intermixture  of  sout4iem  forms  with  those  of  higher  latitadei 
does  not  interfere  with  this  supposition,  since  they  are  equally 
present  in  the  Killiney  Drifts,  the  Lancashire  Drifts,  and  in  some  of 
the  Scottish  Clyde  beds,  esi>ecially  the  one  near  Greenock.  Indeed, 
amongst  a  parcel  of  minute  shells  and  shelly  clay  from  the  latter 
place,  I  detected  the  fry  or  extreme  young  of  some  living  Mediter- 
nuu'/in  fonns, — Conu8  Jlediterraneus  and  Cardita  trapezia. 

Forty  Turbot-bank  forms  are  still  imrecorded  from  any  BritiA 
Post-Tertiary  deposit,  but  twenty  of  these  are  well-known  Crag 
species. 

Another  argument  in  favour  of  the  fossiliferous  nature  of  this  bed 
is  the  fjict  that  few,  if  any,  of  the  northern  species  occur  in  the  other 
shell-banks  in  the  immediate  neighbourhood. 

South  of  the  Monrne  Mountains  the  calcareous  gravels  and  claya 
set  in  near  Balbriggan.  and  are  well  developed  from  thence  south- 
wards by  Louth  Finglass,  up  the  valley  of  the  Liffey  into  Kildare, 
and  through  Co.  Carlo w,  which  is  covered  by  thick  deposits,  dimin- 
ishing; very  much  towards  the  soutli  into  Wexford,  by  the  valley  of 
tho  Slaney,  and  into  Kilkenny  by  the  valley  of  the  Barrow. 

On  the  coast  the  drift  sets  in  on  the  summit  of  Killiney  Hill 
(400  foet)  in  a  thin  bod  of  gravel,  thickening  southwards  towards 
Bray,  forming  low  bluffs  or  cliffs,  passing  some  little  way  up  the 
rivt^rs  or  streams  nc^ir  the  coast,  flanking  the  north- w^est  side  of  the 
greater  Sugarloaf  to  600  feet  (shells),  thence  to  Bray  Head.  From 
the  southern  side  of  the  Promontory  Uie  deposit  extends  for  about » 
mile,  diminishing  from  a  thickness  of  "  200  feet  to  the  level  of  the 
sea-shore"  (Dr.  Soouler),  and  passing  in  **a  great  but  interrupted 
plain  towards  Wicklow  "  (Oldham). 
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'^'^  "the  interesting  paper  by  Prof.  Harkness  *  I  find  the  following 

"J^rts,  that  I  cannot  agree  with,  and  respectfully  urge  upon  the 

S^^or  to  reconsider  them.      He  says,  "There  are   several   locali- 

^l^l^^n  Ireland  where  beds,  having  the  same  nature  and  affording 

I^^^Bely  the  same  contents  as  the  Manure  Gravel's  of  the   Co. 

^J^l^ford  are  to  be  found,"  and  the  typo  locality  selected  by  tlie 

^Jessor  is  that  one  of  which  the  Fauna  is  best  known. 
"I-^  "^^e  age  of  the  Wexford  beds  is  a  vexed  question,  and  its  relations 

^her  localities  can  only  be  settled  by  the  fossils. 
^^The  beds  in  debate  extend  from  Arklow  along  the  whole  line  of 
J?^t  to  Kilmore,  and  inland  to  Gorey  and  Enniscorthy,  altogether 
j^^OUt  40  miles  long  by  8  or  9  broad,  and  consist  of  fine  gravels 
2fl*P©d  by  Boulder-clay,  full  of  striated  stones.  On  the  coast  the 
^^y  is  described  by  Capt.  James  as  resting  upon  a  deposit  of  rolled 
?y>Q  waterwom  pebbles,  the  foundation  rock  not  being  visible.  The 
^4poeit  had  been  quietly  accumulated,  giving  time  for  the  successive 
^lowth  of  layers  of  stony  Nullipore.  In  the  gravel  (or  gravoUy 
^Ii7,  for  the  character  of  the  deposit  is  not  precisely  laid  down) 
^liells  abound. 

From  the  gravels  being  capped  by  Boulder-clay  Prof.  Harkness 
^^pears  to  identify  these  beds  with  those  further  north,  where  the 
^ftme  general  arrangement  is  shown  in  the  cliffs  upon  the  sea-shore. 
^nt  this  evidence  is  not  of  much  value  when  set  against  the  diver- 
apenoe  of  the  Faunas,  which  I  shall  show  presently  is  so  well  marked. 
3t  may  be  worth  while  to  call  to  notice  that  at  Bohemabreena,  Co. 
Dublin,  the  fossiliferous  drift  rests  upon  the  Com  or  Limestone  gravel, 
^which  in  its  turn  overlies  a  stiff  clay  very  prevalent  in  Dublin, 
3f  eath,  and  Eildare,  and  I  am  disposed  to  think  that  this  stiff  clay 
siay  be  the  equivalent  of  the  clay  which  Prof.  Harkness  found 
overlying  the  Wexford  gravels.  Tliis  I  need  not  enter  upon  now,  as 
I  rest  my  ease  upon  the  fossils  of  the  two  localities,  viz.  those  of 
Wexford  and  those  selected  by  the  Professor ;  but  I  may  notice  tliat 
in  Co.  Wicklow,  the  deposits  are  perfectly  laminated  and  regularly 
"bedded,  and  contain  entire  shells,  the  covering  bed  being  the  Boulder- 
days. 

Of  the  69  species  of  shells  recorded  from  the  Wexford  beds,  52 
still  live  in  the  British  seas  ;  47  of  that  number  being  also  present 
in  the  antecedent  Crags,  and  may  therefore  be  left  out  of  the  question. 
Of  the  others  ten  are  high  northern  forms,  one  Japanese,  four  southern, 
and  two  of  which  the  habitat  (if  still  living)  is  unknown. 

Now  if  the  age  of  the  Dublin  Drifts  at  Howtli,  Glenismaule, 
Bohemabreena,  Eilliney,  and  Bray  are  the  same  as  that  of  Wexford, 
"we  ought  to  find  the  Wexford  fossils  in.  some  of  these  localities  to 
justify  the  statement  that  the  contents  are  the  same ;  but  the  fact  is 
that  wdy  one  of  the  following  extra  British  speeies  (Leda  ohlonga) 
oooars  in  the  Dublin  beds.  Three  others,  Astarte  borealis,  Trophon 
dathratus,  and  Natica  affinis,  are  present  in  the  equivalent  West  of 
England  Drifts;  but  all  the  four  species  are  now  living  on  the  verge 
of  the  British  seas. 

>  Gbol.  Mao.,  YoL  VI.,  p.  642. 


452  Alfred  Beli— Post-glacial  Drifts  of  Ireland. 

Wexford  fossils  of  spedes  no  longer  living  in  Britiah  waten:— 
(Northern -forms)  Astarte  boreaUBy  Leda  hyperhorea,  Leda  obktfi, 
Nucida  proxima,  Natica  afinisy  Pleurotoma  VcJdiif  Sealaria  Gr» 
landica,  Trophon  Fahricii,  T.  clathratus,  Volumitra  sp.  (  Grcmlandk§fi 
(Southern  forms)  Leda  pusio?  Fusum  crispusf  Nasaa  senUskitk, 
TurriieUa  incrasBata.  (Japanese)  Nucida  Cobboldia.  Habitat  » 
known,  Melampua  pyramidalisy  Fusus  BaUyi  (n.  sp.).^ 

For  farther  comparison  I  append  a  list  of  all  the  shells  known  k 
the  Dublin  drifts,  33  in  number,  that  the  divergence  of  tlie  FamH 
may  be  more  readily  understood. 

Still  living  in  British  waters : — Aporrhads  pes-petieoMtj  BMcehm 
undatum,  Dentalium  entaley  Fuaus  antiquuSy  LittoriiM  ItUarea,  JL  It(to> 
ralis,  Nassa  incrassatay  N.  pygmeay  Natica  Alderiy  Trochua  unMkaimt 
T,  ztziphinust  Turritella  ierehray  Pleurotoma  rufa,  Astarte  eUiptim, 
Cardium  edtde,  C.  exiguum,  C.  tuberculatumy  Corbida  gibba,  Ofprm 
islandicay  Ostrea  edtdisy  Pecten  opercularis,  P.  variue,  Paamnoitf 
ferroensisy  P.  vesper tinay  Phol-as  dactylus,  Tapes  deeuisata,  TdUm 
balthicay  Venus  gallinay  V,  verrucosa. 

(Extra  British)  Pleurotoma  pryramidaitSy  Leda  obhnga,  (Posnblf 
British)  Loripes  divaricatuSy  and  Woodia  digitaria,* 

To  these  may  be  added  the  extra  British  forms  in  the  West  d 
England  drifts  : — Astarte  borealisy  A.  -crebriceaiata,  Tellma  pnuimi, 
Natica  qffinisy  Trophon  clathratum. 

Altogether  9  extra  British  forms,  7  northern,  and  2  sovtiien; 
4  only  out  of  the  9  being  present  in  the  Wexford  deposits.  We  haw, 
therefore,  18  extra  British  species  separating  the  two  Faunas,  a  laip 
proportion  out  of  less  than  100  species  all  told. 

The  Belfast  species  not  included  in  the  above  lists  are  : — 
Buccinum  fusiforme  ?  Astarte  sulcaia, 

Emarginula  fissura,  „       compressa, 

Fusus  contrarius,  ijardium  echinatum^ 

„      gracilisy  „  nodosum, 

Murex  erinaceuSy  Mactra  ellipticay 

Nassa  reticulata^  „        trtincata, 

I\atica  affinisy  Mytilus  eduliSy 

Purpura  lapillus,  Nucula  nnrleuSy 

Trochus  tumidusy  Fecten  maximum, 

Trophon  tmncatuSy  Pectunculus  glycimerisy 

Area  lactea,  Saxicava  arctica, 

Venus  ovata. 
I  do  not  attach  much  value  to  the  separation  of  clays  by  sands, 
(the  arran clement  of  the  Post-glacial  drifts  in  Dublin  Co.  and  in  the 
West  of  England)  when  unsupported  by  other  evidence,  and  the 
reader  is  referred  to  the  papers  by  Messrs.  Harkness,  Hull,  «nd 
others,  published  in  this  Magazine,  for  full  particulars  upon  theae 
heads. 

»  I  merely  indicate  the  existence  of  a  shell  from  these  grafels  differing  from  nj 
species  known,  fossil  or  recent.     It  will  be  described  and  figured  shortly. 

»  Prof.  Forbes  adds  in  his  list  in  the  Mem.  Geol.  Survey  Jiaua  yranulai*  fr«> 
Killiney.     1  Tenture  to  think  this  is  an  error. 
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he  most  reoeot  deposits  contain  species  all  living  in  the  present 
ish  seas,  and  form  the  flats  and  lower  lands  at  the  mouths  of 
t  of  the  riyers  and  estuaries.  They  are  frequently  situated  a 
3  above  high-water  mark.  The  richest  deposits  for  fossils  are 
cday  and  sands  upon  which  the  town  of  Belfast  stands,  and  its 
lediate  vicinity ;  and  a  raised  hed,  elevated  ahout  ten  feet  above 

sea,  situated  in  a  hollow  of  the  cliff  at  Port  Rush,  Co.  Antrim. 

fossils  from  the  former  of  these  localities,  to  the  number  of  200, 
&  been  listed  in  the  Transactions  of  the  Belfast  Club  by  Mr. 
WBurt,  who  has  briefly  described  the  manner  in  which  the  fossils 
The  most  remarkable  point  is  the  large  size  which  the  Fholas 
p€»ia  attains.  I  have  seen  examples  measuring  nearly  five  inches 
3freadth,  a  size  not  reached  by  any  recent  individual,  and  only 
ftlleled  by  those  from  the  Selsey  Mud  deposit. 
*he  Port-Bush  fossils  have  been  accumulated  in  a  bank  similar  to 
90  now  forming  in  the  Channel  Islands,  unlike  the  Belfast  shells, 
xsli  are  in  their  original  habitat.  Purpura,  Littorinm,  and  Patella 
and,  and  the  smaller  genera,  Biasoa,  Odostomia,  TroehuSf  etc., 
it  in  countless  numbers* 
^e  shell  banks  in  Lough  Foyle  must  have  been  accumulating 

ages.  Materials  derived  from  the  banks  have  been  used  for 
inre  for  many  years.  As  early  as  1710  Archdeacon  Yerschoyle 
irs  to  this  use  of  the  shells,  and  in  the  Geological  Eeport  upon 
idonderry,  etc.,  1843,  it  is  stated  that  about  60,000  tons  were 
lored  yearly  from  the  banks. 
These  are,  I  believe,  the  principal  -  places  in  which  the  fossils  of 

Irish  Post-Tertiary  marine  are  to  be  studied. 
The  equivalents  in  time  of  the  Wexford  beds  I  think  must  be 
E^  in  some  part  of  the  older  glacial  series  as  defined  by  Messrs. 
od.  Borne,  and  Harmer.     The  older  Belfast  and  Dublin  Drifts  in 

lowest  of  those  of  the  west  of  England ;  Lame  and  the  Turbot 
k  in  the  Scottish  Clyde  and  Caithness  beds ;  and  those  of  the 
ver  Belfast  Clays  and  Port  Bush  in  the  Carse  and  Estuarine  Clays 
dering  the  whole  of  Britain. 


— HiSTOBT   OF   THE  NaMES  CaMBBIAN  AND  SiLUBIAN  IK  GeOLOGY.^ 

By  Prof.  T.  Stbret  Hunt,  LL.D.,  F.R.S. 
(Contwued  from  p.  895.) 

2.  Middle  and  Lower  Cambrian. — Investigations  in  continental 
rope  were,   meanwhile,  preparing  the   way  for  a  new  chapter 

the  history  of  the  Lower  PalaBozoic  rocks.  A  series  of 
limentary  beds  in  Sweden  and  Norway  had  long  been  known 

abound  in  singular  petrifactions,  some  of  which  had  been 
unined  by  Linnaeus,  who  gave  to  them  the  name  of  Ento- 
liihi.  They  were  also  studied  and  described  by  Wahlenberg 
d    by    Brongniart,    the    latter    of    whom,  from    two    varieties 

the     EniomoliihuB     paradoxus,     Linn.,     established    in    1822 

Eeprinted  from  the  "  Canadian  Naturalist,*'  new  aezies,  ?oL  yi.  no.  3,.  p.  294. 
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two  genera,  Paradoxides  and  Agno$tu8,  In  1826  appeanlt] 
memoir  by  Dalman  on  the  PalcBad<B  or  so-called  TnloWB;j 
which  was  followed,  in  1828,  by  his  clasBic  work  on  the  same 
ject — "Uober  die  Pakeaden  oder  so-genanten  Trilobiten,"  4ta«iik| 
gix  plates,  Leipzig.  In  these  works  were  described  and  figanlj 
among  many  others,  two  genera — OlenuSf  which  included  Putr] 
doxides,  Brogn.,  and  Battw,  including  Agnostus  of  the  same  antbot] 
jMean while,  Hisinger  was  carefully  studying  the  strata  in 
these  Trilobites  were  found  in  Gothland,  and  in  the  same  year  (1888}  I 
publiBhed  in  his  AnieckningaVj  or  Notes  on  the  Physical  andGti^i 
gnostical  Structure  of  Norway  and  Sweden,  a  coloured  geological  mif  I 
and  section  of  these  rocks  as  they  occur  in  the  county  of  Skarabcn^p 
where  three  small  circumscribed  areas  of  nearly  horizontal  fovO- 
iferous  strata  are  shown  to  rest  upon  a  floor  of  old  crystalline  rmb 
in  some  parts  granitic  and  in  others  gneissic  in  character.  The  seetioi 
and  map,  as  given  by  Hisinger,  show  the  succession  in  the  prindpil 
area  to  be  as  follows,  in-  ascending  order :  1.  Granite  or  Gneiss;  1 
Sandstone;  3.  Alum-slates;  5.  Orthoceratite-limestones;  4.  CSct- 
slates.  By  a  curious  oversight  the  colours  on  the  legend  are  wroapf 
arranged  and  wrongly  numbered,  as  above;  for  in  the  map  anJ 
section  it  is  made  clear  that  the  succession  is  that  just  given,  an! 
that  the  clay-slates  (4),  instead  of  being  below,  are  above  the  ortho- 
ceratite-limestones (5). 

In  1837  Hisinger  published  his  great  work  on  the  organic  x^ 
mains  of  Sweden,  entitled  Lethaa  Smcica  (4to.  with  forty-two  plates). 
In  this  lie  gives  a  tabular  view,  in  descending  order,  of  the  rock- 
•formations,  and  of  the  various  genera  and  species  described.  Tbe 
rocks  of  the  areas  just  noticed  appear  in  his  fourth  or  lowest  divi- 
sion, under  the  head  of  Formationes  transitionis,  and  are  divided  as 
follows : 

a.  Strata  calcarea  recentiora  Gottlandiar. 

fi.  Strata  schisti  argillacei. 

r.  Strata  schisti  aluminaris. 

r/.  Strata  calcarea  antiquiora. 

e.  Strata  saxi  arenacci. 

Tlie  succession  thus  given  was  however  erroneous,  and  probably, 
like. the  mistiike  in  the  legend  of  the  same  author's  map  just  men- 
tioned, the  result  of  inadvertence,  the  true  position  of  the  alum- 
slates  ((.')  being  between  the  older  limestone  (d)  and  the  basal  sand- 
stone (c).  This  is  shown  both  by  Hisinger's  map  of  1828,  and  by 
the  testimony  of  subsequent  observers.  In  Murchison's  work  on  tie 
Geology  of  Russia  in  Europe,  published  in  1845,  there  is  given 
(page  15  et  seq.)  an  account  of  his  visit  to  this  region  in  company 
with  Prof.  Loveu,  of  Christiania;  which,  with  figures  of  the  sections, 
is  reproduced  in  the  different  editions  of  Siluria.  The  hiU  of  Kimie- 
kullo  on  Lake  Wener  is  one  of  the  three  areas  of  transition  rook> 
delineated  on  the  map  of  Hisinger  above  referred  to.  Eesting  upon 
a  flat  region  of  nearly  vertical  gneissic  strata,  we  have,  according  to 
Murchison:  1.  a  Fucoidal  Sandstone;  2.  Alum-slates;  3.  Red  Ortho- 
ceratite  Limestone;  4.  Black  Graptolitic  Slates;  the  whole  series 
being  little  over  1000  feet  in  thickness,  and  capped  by  erupted 
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greenstone.    Aboye  these  higher  slates  there  are  found  in  some  parts 
of   Gothland,  other  limestones  with  Orthoceratites,  Trilobites  and 
Corals,  the  newer  limestone  strata  (a)  of  Hisinger;  the  whole  over- 
Iftid  by  thin  sandstone  beds.    These  higher  limestones  and  sand- 
stones contain  the  fauna  of  the  Wenlock  and  Ludlow  of  England ; 
while  the  lower  limestones  and  Graptolitic  slates  afford  Ccdymene 
Blumenbaehii,  Orthia  caUigramma,  and  many  other  species  common 
to  the  Bala  group  of  North  Wales.     The  alum-slates  below  these 
however,  contained,  according  to  Hisinger,  none  of  the  species  then 
known  in  British  rocks,  but  in  their  stead  five  species  of  Olenu8  and 
two  of  Battiu  (Agnostua). 

In  1854  Angelin  published  his  Palaontologica  Scandinavica,  part  1, 
Crustacea  formationis  tranaitionia  (4to.  forty-one  plates),  in  which  he 
divided  the  series  of  transition  rocks  above  described  by  Hisinger 
into  eight  parts  designated  by  Boman  numerals,  counting  from  the 
base.  Of  these  I.  was  named  Regto  Fucoidarum,  no  organic  remains 
other  than  fucoids  being  known  therein ;  while  the  remaining  seven 
were  named  from  their  characteristic  genera  of*trilobites,  which  were 
as  follows,  in  ascending  order;  certain  letters  being  also  used  to  de- 
signate the  parts:  H.  (A)  Olenus;  HI.  (B)  Conocoryphe;  IV.  (BO) 
Ceratopyge;  V.  (C)  Asaphus;  YI.  (D)  Trinucleus;  VH.  (DE) 
Harpes;  VHI.  (E)  Crjrptonymus.  In  the  Begio  Olenorum  (H.)  was 
found  also  the  allied  genus  Paradoxides,  With  regard  to  the  cha- 
racteristic genus  of  Regio  III.,  the  name,  of  Conocoryphe  was  pro- 
posed for  it  by  Corda  in  1847,  as  synonymous  with  Zenker's  name 
of  Conocephalua  ( Conacephalitea)  already  appropriated  to  a  genus  of 
insects. 

Meanwhile,  the  similar  crustaceans  which  abound  in  the  transition 
rocks  of  Bohemia  had  been  studied  and  described  by  Hawle,  Corda 
and  Beyrich,  when  Barrando  began  his  admirable  investigations  of 
this  ancient  fauna  and  of  its  stratigraphical  relations.  He  soon  found 
that  beneath  the  horiawn  characterized  by  fossils  of  the  Bala  group 
(Llandeilo  and  Caradoc)  there  existed  in  Bohemia  a  series  of  strata 
distinguished  by  a  remarkable  fauna,  entirely  distinct  from  anything 
known  in  Great  Britain,  but  closely  allied  to  that  of  the  alum-slates 
of  Scandinavia,  corresponding  to  Regiones  II.  and  III.  of  Angelin. 
To  this  he  gave  the  name  of  the  first  or  primordial  fauna,  and  to  the 
rocks  yielding  it  that  of  the  Primordial  Zone.  Besting  upon  the 
old  gneisses  of  Bohemia  appears  a  series  of  crystalline  schists  de- 
signated by  Barrande  as  Etage  A,  overlaid  by  a  series  of  sandstones 
and  conglomerates,  Etage  B,  upon  which  repose  the  fossiliferous 
argillites  of  the  Primordial  Zone  or  Etage  C.  ITie  rocks  of  the  Etages 
A  and  B  were  by  Barrande  regarded  as  azoic,  but  in  1861  Fritsch  of 
Prague,  after  a  careful  search,  discovered  in  certain  thin-bedded 
sandstones  of  B  the  traces  of  filled-up  vertical  double  tubes,  which, 
according  to  Salter  (Mem.  Geol.  Surv.,vol.  iii.  p.  24:3),  are  probably  the 
marks  of  Annelides,  and  are  identical  with  those  found  in  the  rocks 
of  the  Bangor  or  Longray ud  group  in  Great  Britain ;  which  will  be 
shown  to  belong  to  the  Primordial  Zone.  It  is,  therefore,  probable 
that  Etage  B,  which  apparently  corresponds  to  the  Regio  Fucoi- 
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darum  or  basal  sandstone  of  Scandinavia,  sbould  itself  be  indudfid 
in  the  Primordial  Zone.  It  may  here  be  noticed  that  it  is  in  the 
crystalline  schists  of  (A)  that  Gumbel  has  found  Eozoon  Bavaricm, 
To  Etage  C  in  Bohemia,  Barrande  assigns  a  thiokness  of  about 
1200  feet,  and  to  this  his  first  fauna  is  confined,  while  in  tlie  suc- 
ceeding divisions  he  distinguished  a  second  and  a  third.  The  second 
fauna,  which  characterizes  Etage  D,  corresponds  to  that  of  the  Bak 
group;  while  the  third  fauna,  belonging  to  Etage9  E,  F,  0  and 
Ily  is  that  of  the  May  Hill,  Wenlock  and  Ludlow  formatioDa  of 
Great  Britain. 

Tliis  classification  of  the  ancient  Bohemian  faunas  was  fint  set 
forth  by  Barrande  in  1846,  in  his  Notice  Preliminaire,  in  which  lie 
declared  that  the  first  fauna  was  below  the  base  of  the  Llandeilo  of 
Murchison,  unknown  in  Great  Britain,  and,  moreover,  "new  and 
independent  in  rohition  to  the  two  Silurian  faunas  (his  second  and 
third)  already  established  in  England.''  This  opinion  he  reiterated 
in  18o9.  These  three  divisions  form  in  Bohemia  an  apparently  con- 
tinuous series,  and  being  connected  with  each  other  by  some  common 
species,  Barrande  was  led  to  look  upon  the  whole  as  forming  a 
single  stratigraphical  system ;  and  finally  to  assert  that  these  three 
independent  faunas  **  form  by  their  union  an  indivisible  triad  whidi 
is  the  Silurian  system."  (Bui.  Soc  G^ol.  de  Fr.,  ser.  ii.  vol.  xvi. 
pp.  529-545.)  Already,  in  1852,  in  his  magnificent  work  on  the  Silorian 
System  of  Bohemia,  Barrande  had  given  to  the  strata  characterized 
by  his  first  fauna  the  name  of  Primordial  Silurian.  It  is  difiScult  to 
assif^u  any  just  reason  for  thus  annexing  to  the  Silurian — alrealy 
augincnt<?d  by  the  whole  Upper  Cambrian  or  Bala  group  of  Sedg- 
wick (Llandeilo  and  Caradoc) — a  great  series  of  fossiliforous  rocks 
lying  below  the  base  of  the  Llandeilo,  and  unsuspected  by  the  author 
of  the  Silurian  System  ;  who  persistently  claimed  the  Llandeilo  beds, 
with  their  characteristic  second  fauna,  as  marking  the  dawn  of 
organic  life. 

LTp  to  this  time  the  primordial  Pala>ozoic  fauna  of  Bohemia  and  of 
Scandinavia  was,  as  we  have  said,  unknown  in  Great  Britain.  The 
few  organic  remains  mentioned  by  Sedgwick  in  1835  as  occurring 
in  the  region  occupied  by  his  Lower  and  Middle  Cambrian,  ou 
Snowflon,  were  found  to  belong  to  Bala  bods,  which  there  rest  ujx>n 
the  older  rocks :  nor  was  it  until  1845  that  Mr.  Davis  found  in  the 
Middle  Cambrian  remains  of  Lingulct.  In  184G  Sedgwick,  in  com- 
pany with  Mr.  Davis,  re-oxaiiiined  these  rocks,  and  in  December  of 
the  same  year  described  the  Lingula-beds  as  overlaid  by  the  Trema- 
doc  slates  and  occupying  a  well-defined  horizon  in  Caernarvon  and 
Merionethshire,  beneath  the  gi'eat  mass  of  the  Upper  Cambrian 
rocks.  (Geol.  Journ.  vol.  ii.  p.  75;  vol.  iii.  p.  139.)  Sedgwick,  at 
the  same  time,  noticed  about  this  horizon  certain  Graptolites  and  an 
Asaphusy  which  were  supposed  to  belong  to  the  Tremadoc  slates,  bnt 
have  since  been  declared  by  Salter  to  pertain  to  the  Arenig  or  Lower 
Llandeilo  beds,  the  base  of  the  Upper  Cambrian.  (Mem.  Geol.  Surv., 
vol.  iii.  p.  257,  and  Decade  ii.) 

This  discovery  of  the  Lingula-flags,  as  they  were  then  named,  and 
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fixing  by  Sedgwick  of  their  geological  horizon,  was  at  once 
wed  by  a  careful  examination  of  them  by  the  Gk)yemment  Sur- 
ra, and  in  1847  Selwyn  detected  in  the  Lingula-flags,  near 
elly,  in  Merionethshire,  the  remains  of  two  crustacean  forms, 
>ne  a  Phyllopod,  which  has  receiyed  the  name  of  Hymenoearis 
'eauda,  Salter,  and  the  other  a  trilobite  which  was  described  by 
r  in  1849'  as  Olenua  mtcrunu,  (Greol.  Survey,  Decade  ii.)  A 
es  of  Faradoxidea,  apparently  identical  with  P,  Forchhammeri  of 
len,  was  also  about  Ihis  time  recognized  among  specimens  snp- 
1  to  be  from  the  same  horizon.  It  has  since  been  described  as 
'^icJcsii,  and  found  Co  belong  to  the  basal  beds  of  the  Lingula- 
, — ^the  Menevian  group. 

>on  the  flanks  of  the  Malyem  Hills  there  are  found  resting  upon 
ncient  crystalline  rocks  of  the  region,  and  overlaid  by  the  Pen- 
rus  beds  of  the  May  Hill  Sandstone  (originally  called  Caradoc 
!urchison)  a  series  of  fossiliferous  beds.  These  consist  in  their 
3t  part  of  about  600  feet  of  greenish  sandstone,  which  have 

yielded  an  Oboldla  and  Serptdiies,  and  are  overlaid  by  500  feet 
ack  schists.  In  these,  in  1842,  Prof.  John  Phillips  found  the 
ins  of  Trilobites,  which  he  subsequently  described,  in  1848,  as 

species  of  Oleniis.  (Mem.  Qeol.  Survey,  vol.  ii.  part  1,  p.  55.) 
e  black  shales,  which  had  not  at  that  time  furnished  any  organic 
ins,  were  by  Murchison  in  his  Silurian  System  (p.  416)  in  1839 
»ared  to  the  supposed  Passage-beds  in  Caermarthenshire  between 
Jandeilo  and  the  Cambrian  (Bala)  rocks;  which,  as  we  have 

were  newer  and  not  older  strata  than  the  Llandeilo-flags.  From 

lithological  characters,  and  their  relations  to  the  Pentamerus 

these  lower  fossiliferous  strata  of  Malvern  were  subsequently 
red  by  the  Government  geologists  to  the  horizon  of  the  Caradoc 
3r  or  Bala  group;  nor  was  it  until  1851,  that  their  true  geo- 
al  ago  and  significance  were  made  known.  In  that  year  Bar- 
3,  fresh  from  the  study  of  the  older  rocks  of  the  continent,  came 
igland  for  the  purpose  of  comparing  the  British  fossils  with 
I  of  the  Primordial  Zone,  which  he  had  established  in  Bohemia 
Scandinaviai  and  which  ho  at  once  recognized  in  the  Lingula- 
of  Sedgwick  and  in  the  black  schists  at  Malvern ;  both  of  which 

characterized  by  the  presence  of  the  genus  Olen%t»,  and  were 
red  to  the  horizon  of  his  Etage  C.  This  important  conclusion 
announced  by  Salter  to  the  British  Association  at  Belfast  in 
.  (Eep.  Brit  Assoc,  Abstracts,  p.  56,  and  Bull.  Soc.  Geol.  de 
ser.  II.  vol.  xvi.  p.  537.)  Since  l3iat  time  the  progress  of  in- 
^ation  in  the  Middle  and  Lower  Cambrian  rocks  of  Wales  has 
n  a  fauna  the  importance  and  richness  of  which  has  increased 

year  to  year. 

le  palseontological  studies  of  Salter,  while  they  confirmed  the 
ordial  character  of  the  whole  of  the  great  mass  of  strata  which 
)  up  the  Middle  Cambrian  or  Ffestiniog  group  of  Sedgwick 
listing  of  the  Lingula-flags  and  the  Tremadoc  slates),  led  him 
opose  several  sub-divisions.  Thus  he  distinguished  on  palseon- 
ical  grounds  between  the  Upper  and  Lower  Tremadoc  slates,  and 
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for  like  reasons  dirided  the  Lingula-flags  into  a  lower  and  an  nppsr 
portion.     For  tho  discussion  of  these  distinctions  the  reader  is  re- 
ferred to  the  Memoirs  of  the  GeoL  Survey  (vol.  iii.  pp.  240-257.) 
Subsequent  researches  led  to  the  division  of  the  original  Linguli- 
fiags  into  three  parts,  an  upper  and  a  middle,  to  which  the  names  of 
Dolgolly  and  Maentwrog  were  given  by  Mr.  Belt,  and  a  third  con- 
sisting of  the  basal  beds,   which  were  separated  in  1865,  by  Salter 
and  Hicks,   with  the  designation  of  Menevian,    derived  from  the 
ancient  Eoman  name  of  St.  Davids  in  Pembrokeshire.     It  was  here 
that,  in  18G2,  Salter  found  Faradoxides  with  Agnostus  and  Lingfda 
in  fine  black  shedes  at  the  base  of  the  Lingula-flags,  resting  con- 
forniably  on  tho  green  and  purple  grits  of  the  Lower  Cambriaii  or 
Harlech  beds.     The  locality  was  afterwards  carefully  studied  by 
Hicks,  and  it  was  soon  made  apparent  that  the  genus  Paradoxidet, 
both  here  and  in  North  Wales,  was  confined  to  a  horizon  below  the 
great  mass  of  the  Lingula-fiags;  which,  on  the  contrary,  are  charac- 
terized by  numerous  6|)ecios  of  Oleum,    These  lower  or  Menovian 
beds  are  hence  regarded  by  Salter  as  equivalent  to  the  lowest  portion 
of  the  Etage  C  of  Barrande. 

Beneath  these  Menevian  beds  there  lies,  in  apparent  conformitj, 
the  great  Lower  Cambrian  series,  frequently  called  the  bottom  or 
basement  rocks  by  the  Government  surveyors ;  represented  in  North 
Wales  by  the  Harlech  grits,  and  in  South  Wales,  near  St  Davids,  by 
a  similar  series  of  green  and  purple  sandstones,  considered  by 
Murchison,  and  others,  as  the  equivalent  of  the  Harlech  rocks. 
They  were  still  supposed  to  be  unfossiliferous  until  in  June  1867. 
Salter  and  Hicks  announced  the  disco verj^  in  the  red  beds  of  this 
lower  series,  at  St.  Davids,  of  a  LinguleUa,  very  like  JL.  ferruginea  of 
the  Menevian.  (Geol.  Joum.,  vol.  xxiii.  p.  339 ;  Siluria,  4t]i  ed. 
!>.  o50.)  This  led  to  a  farther  examination  of  these  Lower  Cambrian 
beds,  which  has  resulted  in  the  discovery  in  them  of  a  fauna  distinctly 
j)rimordial  in  type,  and  linked  to  the  Menevian  by  the  presence  of 
sevei'iil  identical  fossils  ;  but  in  many  respects  distinct,  and  marking 
a  lower  fossiliferous  horizon  than  anything  known  in  Bohemia  or  in 
Scandinavia. 

The  first  announcement  of  these  important  results  was  made  to  the 
British  Association  at  Norwich  in  18G8.  FuHher  details  were,  how- 
ever, laid  before  the  Geological  Society  in  May  1871,  by  Messrs. 
Harknesa  and  Hicks,  whose  paper  on  the  Ancient  Hocks  of  St. 
David's  Promontory  appears  in  the  Geological  Journal  for  November, 
1871.  (vol.  xxviii.  p.  384.)  The  Cambrian  sediments  here  rest 
upon  an  older  series  of  crystalline  stratified  rocks,  described  by  the 
Geological  Surveyors  as  syenite  and  greenstone,  having  a  north- 
west strike.  Lying  unconformably  upon  these,  and  with  a  north-east 
strike,  we  have  the  following  series,  in  ascending  order :  1.  quartz«)se 
conglomerate,  60  feet;  2.  greenish  fiaggy  sandstones,  460  feet; 
3.  red  flags  or  slaty  beds,  50  feet,  containing  TAngtilella  ferruginea, 
besides  a  larger  species,  Discina,  and  Lepcrditia  Cainbrensia  ;  4.  purj)le 
and  greenish  sandstones,  1000  feet:  5.  yellowish  grey  sandstones, 
flags  and  shales,  150  feet,  with  Plutonia,  Conocoryphe,  IlicrodUciis 
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AgnoBtus^  Theea  and  Protospongia ;  6.  grey,  purple,  and  red  flaggy 
sandstones,  with  most  of  the  above  genera,  1500  feet ;  7.  grey  flaggy 
beds,  150  feet,  with  Faradoxides;  8.  true  Menevian  beds,  richly 
fosaUiferous,  500  feet.  The  latter  are  the  probable  equivalent  of  the 
base  of  Barrande's  Etage  0,  and  at  St.  Davids  are  conformably  over- 
laid by  the  Lingula-flags ;  beneath  which  we  have,  including  the 
Menevian,  a  conformable  series  of  3370  feet  of  uncrystalline 
sediments,  fossiliferous  nearly  to  the  base,  and  holding  a  well-marked 
fauna  distinct  from  anything  hitherto  known  in  Great  Britain  or 
elsewhere. 

The  Menevian  beds  are  connected  with  the  underlying  strata  by 
the  presence  of  LingtUdla  ferruginea,  Discina  pileoluSf  and  Obolella 
sagittatis,  which  extend  through  the  whole  series ;  and  also  by  the 
genus  Faradoxides,  four  species  of  which  occur  in  these  lower  strata ; 
from  which  the  genus  Olenus,  which  characterizes  the  Lingula-flags, 
seems  to  be  absent.  To  a  large  tuberculated  trilobite  of  a  new  genus 
found  in  these  lowest  rocks  the  name  of  Plutonia  Sedgwickii  has  been 
given.  Hicks  has  proposed  to  unite  the  Menevian  with  the  Harlech 
beds,  and  to  make  the  summit  of  the  former  the  dividing  line  between 
the  Lower  and  Middle  Cambrian,  a  suggestion  which  has  been 
adopted  by  LyelL  (Proo.  Brit.  Assoc,  for  1868,  p.  68,  and  Lyell, 
Student's  Manual  of  Geology,  pp.  466-469.) 

Both  Phillips  and  Lyell  give  the  name  of  Upper  Cambrian  to  the 
Lingula-flags  and  the  Tremadoo  slates,  which  together  constitute 
the  Middle  Cambrian  of  Sedgwick,  and  concede  the  title  of  Lower 
Silurian  to  the  Bala  group  or  Upper  Cambrian  of  Sedgwick.  The 
same  view  is  adopted  by  Linnarsson  in  Sweden,  who  places  the  line 
between  Cambrian  and  Silurian  at  the  base  of  the  Llandeilo  or  the 
second  fauna.  It  was  by  following  these  authorities  that  I,  inad- 
vertently, in  my  address  to  the  American  Association  for  the 
Advancement  of  Science  in  August,  1871,  gave  this  horizon  as  the 
original  division  between  Cambrian  and  Sihiiian.  The  reader  of  the 
first  part  of  this  paper  will  see  with  how  much  justice  Sedgwick 
claims  for  the  Cambrian  the  whole  of  the  fossiliferous  rocks  of  Wales 
beneath  the  base  of  tiie  May  Hill  Sandstone,  including  both  the  first 
and  the  second  fauna.  I  cannot  but  agree  with  the  late  Henry 
Darwin  Rogers,  who,  in  1856,  reserved  the  designation  of  "  the  true 
European  Silurian"  for  the  rocks  above  this  horizon.  (Keith 
Johnston's  Physical  Atlas,  2nd  ed.) 

The  Lingula-flags  and  Tremadoc  slates  have  been  made  the  subject 
of  careful  stratigraphical  and  palaeontological  studies  by  the  Geolo- 
gical Survey,  the  results  of  which  are  set  fortli  by  Ramsay  and 
Salter  in  the  third  volume  of  the  Memoirs  of  the  Geological  Survey, 
published  in  1866,  and  also,  more  concisely,  in  the  Anniversary 
Address  by  the  former  to  the  Geological  Society  in  1863.  (Geol. 
Joum.  vol.  xix.  p.  xviii.)  The  Lingula-flags  (with  the  underlying 
Menevian,  which  resembles  them  lithologically)  rest  in  apparent 
conformity  upon  the  purple  Harlech  rocks  both  in  Pembrokeshire 
and  in  Merionethshire,  where  the  latter  appear  on  the  great  Merioneth 
anticlinal,  long  since  pointed  out  by  Sedgwick.     The  Lingula-flags, 
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Thig  contrast  is  strikingly  seen  between  the  conformable  series  of 
less  than  2000  feet  of  strata  which  in  Scandinavia  are  characterized 
by  the  first  three  Paheozoic  faunas  (Cambrian  and  Silurian),  and  the 
repeatedly  broken  and  discordant  succession  of  more  than  80,000 
ielet  of  sediments,^  which  in  Wales  are  their  palsBontological  equiva- 
lents. It  must,  however,  be  considered  that  in  regions  of  small 
aocumulatioa  where,  as  in  Scandinavia,  the  formations  are  thin,  there 
may  be  lost  or  unrepresented  zoological  epochs  whose  place  in  the 
series  is  marked  by  no  stratigraphical  break.  In  such  comparatively 
stable  regions,  movements  of  the  surface  sufficient  to  cause  the  ex- 
clusion, or  the  disappearance  by  removal,  of  the  small  thickness  of 
strata  oorre^)onding  to  an  epoch,  may  take  place  without  any  con- 
spicuous marks  of  stratigraphical  discordance. 

The  attempt  to  establish  geological  divisions  or  horizons  upon 
stratigraphicsJ  or  palaaontological  breaks  must  always  prove  fiedla- 
cious.  From  the  nature  of  things,  these,  whether  due  to  non- 
deposition  or  to  subsequent  removal  of  deposits,  must  be  local ;  and 
we  can  say,  confidently,  that  there  exists  no  break  in  life  or  in  sedi- 
mentation which  is  not  somewhere  filled  up  and  represented  by  a 
continuous  and  conformable  succession.  Wliile  we  may  define  one 
period  as  characterized  by  the  presence  of  a  certain  fauna,  which,  in 
a  succeeding  epoch,  is  replaced  by  a  different  one,  there  will  always 
be  found,  in  some  part  of  their  geographical  distribution,  a  region 
where  the  two  faunas  commingle,  and  where  the  gradual  dis- 
appearance of  the  old  before  the  new  may  be  studied.  The  division 
of  our  stratified  rocks  into  systems  is  therefore  unphilosophical,  if 
we  assign  any  definite  or  precise  boundaries  or  limitations  to  these. 
It  was  long  since  said  by  Sedgwick  with  regard  to  the  whole 
succession  of  life  through  geologic  time, — that  all  belongs  to  one 
great  8y sterna  natura.     (Philos.  Mag.,  iv.  vol.  viii.  p.  359.) 

(To  be  continued  in  our  next  Number.}/ 


YL — ^Review  of  the  Contributions  to  Fossil  Botany  published 

IN  Britain  in  1872. 

By  William  Carruthers,  F.R.S. 

The  following  papers  have  been  published  :— 

BiNNEY,  E.  W.     On  Stauropteris  Oldhamia^  sp.  nov.  Monthly  Microsc.  Joum., 

•  vol.  vii.,  March,  1872,  pp.  132,  133. 

This  name  is  proposed  for  a  fossil  from  Oldham  resembling  Psaronius  Zeidlerij 
Corda  ;  the  author  records  the  discovery  of  specimens  of  Zygopteris^  and  his  con- 
viction that  Cotta's  Medtdlosa  elegans  is  "merely  the  rachis  of  a  fern,  or  a  plant 
allied  to  one." 

*  The  Longmynd  rocks  in  Shropshire  are  alone  estimated  at  20,000  feet ;  but  their 
■opposed  equifalents,  the  Harlech  rocks  of  Pembrokeshire,  hare  a  measured  thickness 
Of  3,300,  while  the  Llanberris  and  Harlech  rocks  together,  in  North  Wales,  equal 
from  4.000  to  7,000  feet,  and  the  Lingula-flags  and  Tremadoc  slates,  united,  about 
7,000  feet.  The  Bala  Ki'oup  in  the  fierwyns  exceeds  12,000  feet,  and  the  proper 
3ilari«n,  from  the  base  of  the  Upper  Llandovery  or  May  Hill  Sandstone,  attiins  from 
5,000  to  6,000  feet ;  so  that  the  aggrej^ate  of  30,000  feet  may  be  considered  below 
the  ti  uth.  [Mem.  Geol.  Surrey,  vol.  iii.  part  2,  pp.  72,  222,  and  Siluria,  4th  ed. 
p.  186.] 
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BiNNEY^  v..  W.   The  Flora  of  the  Caxboniferous  Strata.    Part  III.    PaUeont  Sot. 
pp.  63  96,  pi.  xiii.-xviii. 

This  ])art  is  dcvutccl  to  drawings  and  descriptions  of  specimens  of  Ltpidodendrtm 
Jlarcourtti^  SigUlaria  vascularis^  and  Halatua  regularis.  The  aathor  considers  the 
last  fossil  to  be  the  roots  of  I^pidodcfidron. 

Ci^WiV^iWY.Yi'f^y  W.     Notes  on  some  Fossil  Plants.     Geol.  Mag.,  VoL  IX.  pp. 
49  59,  1»1.  II. 

The  author  gives — I.  A  restoration  of  a  frond  o{  Palaopteris  Ilibemica^  Schimper, 
from  Kiltorkan,  Ireland,  aiul,  placing  it  in  the  Hymeftophyllea^  investigates  its 
relation  to  existing  forms.  2.  Figures  and  descriptions  of  Hymenopnylleous 
sporangia  from  the  Coal-measures.  3.  A  short  notice  of  Osmundites  Dr^ckeri, 
Carr.,  from  the  Eocene  l)e<ls  at  Heme  Bay.  4,  An  investigation  oi  AtUkoltthes  oi 
the  C'oal- measures,  in  which  it  is  shown  that  their  fruit  is  Cardiocarp^m^  and  that 


they  were  probably  the  inflorescences  of  Gymnosperms.   Two  species  arc  described. 
5.  Specimens  of  C'oniforoub  Wood  from  the  Coal-measures  and  the  Wcalden  are 
fi'nired  and  dc^cril>cd.     And  6.  Pothocites  Grantoni^  Paterson,  a  monocotyledoooas 
inflorescence  from  the  Coal-measures  is  figured. 
On   the  Tree-fenis  of   the   Coal-measures,    and  their   Affinities  with 

Existing  Forms.     Abstract.    Geol.  Mag.  Vol.  IX.  pp.  465-467.    Journal  of 

Botany,  vol.  x.  pp.  279  281. 
The  abstract  of  jjai^er  read  to  the  British  Asfiociation,  in  which  the  ferns  ire 
grouped  in  three  divisions,  severally  represented  by  Cauhpteris,  Tubicaulis^  and 
Stcmmatopteris^  the  stem  of  the  last  being  of  a  type  now  extinct,  though  the  fronds 
and  inflorescence  were  probably  the  same  as  those  of  some  existing  arborescent 
J\>h'f\hiiaccie, 
— '- Notes  on  Fossil  Plants  from   Queensland,    Australia.     Quart.  Joam. 

Geol.  Soc.,  vol.  xxviii.  pp.  350-356,  pi.  xxvi.  and  xxvii. 
Contains  an   account  of  Fossils  collected  by  Mr.  R.  Daintree,  bclongii^  to 
Devonian  and  (Politic  formations,  with  figures  and  descriptions  of  three  new^  spedes. 

.  On  the  History,  Histological  Structure,  and  Affinities  of  Netnatophyats 

J  oi^'utii^    Carr.  {/Votofaxifcs   Loi^ani^    Dawson),   an    Alga  of  Devonian   Age. 

Monllily  Microscopical  Journal,  vol.  viii.,  (.)ct.,  1872,  pp.  160-172,  pi.  xjixi. 

and  \xxii. 

Tl\c  author  points  out  that  tlie  same  fossil  had  been  described  by  Dr.  Daw«^n 

un<U'i  the  two  names  /Vv/i'A/.r/A-j  /-<^^«;<7;// and  Ximafoxylon  crassum^  and  had  been 

refcru'il  by  him  to  Taxincu  from  its  microscopic  structure.     The  author  shows  that 

llic  f(»ssil  is  ni-H  made  up  of  wi>od-ce]ls,  but  entirely  consists  of  cellular  filaments 

of  I  wo  •»i/es  interwoven  irrej^ularly  into  a  felted  mass,  and  that  its  afliniticj  are 

wilh  ihe  cellular  Cr)'i>iogams.      Reasons  are  given  for  pl.icing  it  among  the  fila- 

nuntous  C'hlorosperms,  and  the  name  is  changed,  because  of  the  error  implied  in 

both  generic  names  applied  by  Dr.  Dawson,  into  Ncmatophycus. 

On  the  Structure  of  the  Stems  of  the  Arborescent  Lycopodiacex  of  the 

('o;\l-measures.  —IV.   on  a  Leaf- bearing  branch  of  a  sjxjcies  of  Lcpidcdnidr^, 

Monthly  Microsc.  Journ.,  vol.  vii.  Febi-uar)',  1872,  pp.  50-54,  pi.  vii.  and  viii. 

The  minute  structure  of  a  small  stem  and  of  the  leaf  bases  is  figure<l  and  Je- 

scrilK'd.  anil  the  bearing  the  specimen  has  on  the  characters  which  separate  Lfpidfi- 

phloioa  from  Lepidodcndt'on  is  investigated. 

Dii'Kii".,  (Ikorgk.     Notice  of  a  Diaiomaccous  Deposit.     Trans.  BoL  Soc,  Edin- 
burgh, vol.  xi.  p.  394 
An  enumeration  of  40  species  of  DiatomacciP  found  in  a  peat-bog  at  Mcthlic, 
Aberdeenshire. 

DvKR,  W.  T.  TniSKi/roN.  On  some  Coniferous  Remains  from  the  Litht>grapliic 
.Stone  of  Solenhofen.  Gkdl.  Mag.,  Vol.  IX.  pp.  150-153,  and  193-196. 
The  author  describes  separate  scales  of  a  cone  under  the  name  Arducarite 
Jlah-ih'inii^  Dyer,  and  investigates  the  different  Coniferous  branches  found  at 
Solenhofen,  referring  them  to  three  genera — Pitiites^  I  species;  AthrotaxiUs^  5 
species  ;  an<l  CondylitiS^  I  species, 

. On  some  Fossil  Wood  from  the  Lower  Eocene.    Geol.  Mag.,  Vol.  IX. 

]>p.  240-243.     PI.  VL 
The  author  describes  the  occurrence  in  this  specimen  of  wood,  of  cells  in  the 
interior  of  the  ducts,  and  gives  the  received  exphmation  of  their  origin. 
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£ER,  Oswald.    On  the  Carboniferous  Flora  of  Bear  Island.    Quart.  Joum. 

Geol.  Soc,  vol.  xxviiL  pp.  161-169. 
The  author  considers  that  the  fossil  plants  from  Bear  Island  are  more  nearly 
lated  to  the  Carboniferous  than  to  the  Devonian,  and  he  consequently  places  them 
id  the  fossils  of  Yellow  Sandstones  of  Ireland,  which  he  believes  to  be  of  the 
me  age,  as  the  fundamental  series  of  the  Lower  Carboniferous  system,  under  the 
une  of  the  Ursa  stage. 
— On  CychstigmOy  Lepidodendron^  and  Knorria^  from  Kiltorkan.    Quart. 

Joum.  Geol.  Soc.,  vol.  xxviii.  pp.  \(3^\iz^  pi.  iv.     Abstract     Geol.  Mag., 

VoL  IX.  p.  134. 
Ptof.    Heer  maintains  the  specific    distinctness  of    Cyclostigma    Kiltorkensey 
[aught.,  C.  minutuniy  Haught,  Knorria  acicularis^  Gopp.,  and  JUpidodendran 
^elthamianum^    Stemb.,   all  from   Kiltorkan,    which  I  had  maintained    to    be 
agments  of  the  same  species.     He  figures  and  describes  his  species. 
[IGGINS,  Rev.  H.  H.     On  some  specimens  supposed  to  be  Pycnophyllum  in  the 

Ravenshead  collection  of  Fossils,    Free  Public   Museum,   Liverpool.     Pro- 
ceedings Liverpool  Geol.  Soc.  1872,  pp.  71-75,  with  plate. 
The  curious  stems  figured  and  described  by  the  author  are  amorphous  casts  of 
rm-stems  of  the  Caulopttris  type. 
[acloskie,  Rev.  Dr.    On  the  Silicified  Wood  of  Lough  Neagh,  with  Notes  on 

the  Structure  of  Coniferous  Wood.     Abstract.    Joum.  Bot.,  vol.  x.  pp.  93-95. 
The  author  describes  Cupressoxylon  Pritchardi^  Kr.,  and  gives  an  account  of  the 
auditions  under  which  it  occurs. 
Lulrat,  F.  p.    On  the  Fossil  Ferns  in  the  Ravenshead  Collection.    Proceedings 

Liverpool  Geol.  Soc.  1872,  pp.  4-16.     Plates  1-13. 
The  author  enumerates  62  species,  9  of  which  he  considers  undescribed,  and  he 
ives  them  names.     The  figures  and  descriptions  are  scarcely  sufficient  for  inde- 
endent  investigators  to  determine  the  characters  which  distinguish  them  from 
[ready  described  species. 
'EACH,  C.  W.     On  Fossil  Plants  from  the  Coal-fields  of  Slamannan,  Falkirk, 

Dreside,  Tillicoultry,  etc.    Abstract.     Trans.  Edin.  Bot.  Soc  voL  xi.  p.  342. 
An  enumeration  of  some  of  the  more  remarkable  fossils  the  author  collected  in 
le  localities  specified. 
On  a  Cone  of  FlemingiUs  gracilis  attached  to  its  stem.     Abstract. 

Trans.  Edin.  Bot.  Soc  vol.  xi.  p.  356. 
The  author  describes  the  specimens  he  had  found. 
ViLLiAMSON,  W.  C.    On  the  Structure  of  the  Dictyoxylons  of  the  Coal-measures. 

Abstract.     Report  Brit.  Assoc.  1871,  pp.  iii,  112. 
Three  species  are  shortly  described — Dictyoxylon  Oldhamiunij  D.  radicansy  and 
7.  Grieidi, 

On  the  Organization  of  the  Fossil  Plants  of  the  Coal-measures.     Part  i. 

Calamites.     Phil.  Trans,  vol.  clxi.  pp.  477-510.  pi.  xxiii.-xxix. 

The  author  figures  and  describes  in  detail  the  specimens  in  his  cabinet,  and 
►roposes  to  divide  the  Calamites  into  two  generic  groups,  retaining  Calamites  for 
he  stems  which  have  no  infranodal  canals,  as  indicated  by  the  absence  of  verticils 
if  round  or  oblong  scars,  and  adopting  Calamopitus  for  those  which  have  such 
anals. 

On  the  Organization  of  the  Fossil  Plants  of  the  Coal-measures.     Part 

iL   LvcoPODiACEiE :  Lepidodendra  and  Sigillaria,    '  Phil.  Trans.  voL  clxiu 
pp.  197-240,  pi.  xxiv.-xxxi. 

The  author  figures  and  describes  in  detail  sections  of  Lepidodendron^  Ulodendrony 
ValoniOj  Diploxylon^  and  Sigillaria.  He  considers  Anabaihra  of  Witham  to  be 
he  same  as  Diploxylon^  and  among  the  stems  described  he  distinguishes  four 
pedes  to  which  he  gives  specific  names.  He  considers  the  whole  belong  to  the 
ame  group,  and  that  they  are  Lycopodiaceous.  * 

Notice  of  further  Researches  on  the  Fossil  Plants  of  the  Coal-measures, 

in  a  Letter  to  Dr.  Sharpey,  Sec.  R.S.   Proc.  Roy.  Soc  vol.  xx.  pp.  95,  96. 

The  author  records  the  progress  of  his  investigations  into  the  nature  of  a 
lepid4?dendroid  plant  and  its  fruit  from  Burntisland,  and  of  an  Asterophyllites  from 
ijancashire,  which  he  proposes  to  submit  to  the  Society  speedily. 

On  the  Organization  of  the  Fossil  Plants  of  the  Coal-measures.   Part  iii. 

LYCOPODiACEiE.    Abstract.     Proc  Roy.  Soc.  voL  xx.  pp.  199-203. 
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A  plant  from  Burntisland — Leindophlows  hreutfoHum^  WiUiamson — is  denribel 
at  length,  and  reasons  are  given  for  uniting  the  genera  Dipioxylon^  An^Mn^ 
Lomatophloios  and  Leptoxylon. 

Williamson,  W.  C.      Notice  of  further  Researches  among  the  Plants  of  tiK 
Coal-measures.    Proc.  Roy.  Soc  voL  xx.  pp.  435-438. 

The  author  refers  to  investigations  which  induce  him  to  propose  a  nev  geon 
Astromyelon  for  Calamite-stems  already  figured  by  him,  to  change  his  DktyoxylM 
radicans  into  Amydon  radkans,  and  which  show  that  Asteropkjtllites  is  not  the 
branch  of  a  Catamite.  He  also  refers  to  stems  of  petioles  from  Burntisland,  00  wfaidi 
he  proposes  to  found  two  new  genera,  Arpexylon  ^xiAEdraxylon^  as  well  as  to  die 
occurrence  of  Zygopteris  Lacattii  in  LancsL^ire. 

Synopsis  of  the  Genera  and  Species  described  in  the  foregoing  jpaperv 

ALGiC. 

Nematophycus  Ijogani,  Carr.,  Month.   Micro.  Joum.   1872,  p.  160^  plate  xuL 
and  xxxii.     Devonian,     Canada. 

FlLICES. 

Amyelon  radicans^  Williamson,  Proc.  Royal  Soc.,  vol.  xx.  p.  438. 

Arpexylon^  Williamson,  Proc.  Roy.  Soc.,  vol.  xx.  p.  438. 

Cyclopteris  cuneata^  Carr.     Quart.  Joum.   Geol.  Soc.,   voL  zxviiL  p.  355,  pL 

xxviu  f.  5.     Oolite.     Queensland. 
EdraxyloHy  Williamson,  Proc.  Roy.  Soc.,  vol.  xx.  p.  438. 
Mcdullosa  elegans^    Cotta ;    Binney,    Mon.    Micro.    Joum.,  vol.  viL  p.  133. 

Carboniferous.     Oldham. 
Nephropteris  dentictdata^    Marrat,  Liverpool  GeoL    Soc.    Proc,    1872,  p.  1 1. 

Carboniferous.     Ravenshead. 
N.  triangularis^  Marrat,  1.  c.  p.  II,  pL  i.  fig.  I.     Carbomferous.     Ravenshead. 
Odontopteris  neuropteroideSy   Marrat,    Liverpool  GeoL   Soc.    Proc.  1 872,  p.  I4f 

pi.  vii.,  f.  I  and  2.     Carboniferous,     Ravenshead. 
Osmuudites Dmvkeri^  Carr.,  Geol.  Mag.  VoL  IX.,  p.  52,  PI.  II.  Figs.  8  and  9. 

Tertiary.      Kent. 
Pa!troptt)is  Ilibernicay  Sch.  ;  Carruthers,  Geol.   Mag.  Vol.  IX.,  p.  49,  PL  IL 

Fi^s.  I — 4.     Dcz'ouian.     Kiltorkan,  Ireland. 
Pecoptcris  odontopteroidesy    Morris ;  Carruthers,  Quart.  Joum.    Geol.  Soc,  vol 

xxviii.  p.  355  ;  pi.  xxvii.  f.  2  and  3.     Oolite.     Queensland. 
Sphenoptcris  coriacca^  Marrat,   Liverpool   CJeoL  Soc.  Proc.  1872,  p.  5  ;  pi.  ix. 

f.  I  and  2.     There  are  no  characters  given  to  distinguish  this  from  S.  HMerti, 

Lindl.  and  Hutt.      Carboniferous.     Ravenshead. 
Sphcuoptc)  is  dongatOy  Cam,  Quart.   Joum.  Geol.  Soc,  voL  xxviii.  p.  355  ;  pL 

xxvii.  f.  I.      Oolite.     Queensland. 
S.  Footnen'y  Marrat,  1.  c.  p.  8  ;  pi.  viii.  f.  2,  3.     Carboniferous.     Ravenshead. 
.9.  muliifiday  Marrat,  1.  c  p.  9 ;  pi.  v.  f.  4.      Carboniferous.     Ravenshead. 
<.S*.  obliijua^  Marrat,  1.  c  p.  6  ;  pi.  ix.  f.  3.     Carboniferous.     Ravenshead. 
*S'.  plumulay  Marrat,  L  c.  p.  6  ;  pi.  v.  f.  3.      Carboniferous.     Ravenshead. 
^S'.  pulchray  Marrat,  1.  c  p.  8  ;    pi.  viii.  f.    I  —Pecopteris  repanda^  Lindl.  and 

llutl.     Carboniferous.     Ravenshead. 
Stduroptcris  Oldhamiay  Binney,  Mon.  Micr.  Joum.,  vol.  vii.  p.  132.      Carbon- 
iferous.    Oldham. 
Ttrnioptcris  Daintreeiy  M'Coy  ;  Carruthers,  Quart.  Joum.  Geol.  Soc,  vol.  xxviii. 

P   355  j  P^-  xxviL  f.  6.     Oolite.     Queensland. 

EQUISEIACK/E. 

Astromyelon^  Williamson,   Proc.  Royal  Soc,  vol.  xx.  p.  435. 
Ciilamttcs^  Williamson,   Phil.  Trans.,  vol.  clxi.  p.  477-510  ;  pi.  xxiii.-xxix. 
Calamopitusy  Williamson,  1.  c 
Lycopodiack/E. 

Cyc/ostigma  Kiltorkensey  Ilaught. ;  Hcer,  Quart.  Joum.  GeoL  Soc,  p.  169 ;  pL 
iv.  f.  4,  5.     Devonia?t.     Kiltorkan. 

C.  minufufn,  Ilaught.  ;  Heer,  i.e.  p.  169;  pi.  iv.  f.  2,  3.  Dei'onian.   Kiltorkan. 
DiploxyloH  cycadcoidawty  Corda ;  Williamson,  Phil.  Trans,  vol.  clxii.  p.  239^ 

pi.  xxvi.- xxviii. 

D.  cylindricum^  Williamson,  L  c.,  pL  xxviii.  fig.  33,  34. 
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Oiploxylon  sHgmarundeum^  WiUiamson,  1.  c  p.  239. 

0.  vasculare,  Williamson,  1.  c.  pi.  xxv.  fig.  ^ii. 

^avularia,   Williamson,  PhiL  Trans,  vol.  cbdi.  p.  210,  pi.  xxviL  and  xxviii. 

fig-  29-32. 
Vn^rria  aciculctris,  Gdpp.  yar.  Bailyana  ;  Heer,  Quart  Joum,  GeoL  Soc,  vol. 

xxviii.  p.  170  ;  pL  iv.  £  6.    Devonian,    Kiltorkan. 
le^dodendron,  —  structure  of  a  leaf-bearing  branch,  Mon.  Micr.  Joum.,  voL  vii. 

1872,  p.  50,  pi.  vii.  and  viiL 
^..epidodendron  nothum,  Unger;  Camithers,  Quart.  Joum.  Gcol.  Soc.,  vol.  xxviii. 

P*  353*  pl*  3^^*    Devonian,    Queensland. 
S.  Velthamianum,  Stemb. ;  Heer,  Quart  Joum.  GeoL  Soc.,  voL  xxviii.  p.  171, 

pi.  iv.  f  I.    Devonian,     Kiltorkan. 
L,  seluginoides,  Stemb.  ;  Williamson,  Phil.  Trans.  voL  clxii.  p.   199,  pi.  xxiv. 

and  XXV. 
Lepidophloios  brevi/olium,  Williamson,  Proc.  Roy.  Soc.,  vol.  xx.  p.  203.     Cat' 

bontferotis.    Bumtisland. 
Tlodendron,   Williamson,   PhiL    Trans.,   vol.  clxiL  p.  209,   pL    xxvi.-xxvui. 

figs.  24-28. 

NIFE&iC. 

ithrotaxites  princeps^  Ung. ;  Dyer,  Geol.  Mag.  Vol.  IX.  p.  194,  PL  V.  Fig.  2. 

Upper  Oolite,    Solenhofen. 
4.    Frischmanni^   Ung. ;  Dyer,  Geol.  Mag.  Vol.  IX.  p.  194,  PI.  V.  Fig.  3. 

Upper  Oolite.     Sol^hofen. 
i.  (?)  laxus.  Dyer,  1.  a  p.  195,  PI.  V.  Fig.  6.     Upper  Oolite.    Solenhofen. 
i,  longirameusy  Dyer,  1.  c.  p.  195,  PI.  V.  Fig.  5.     Upper  Oolite,     Solenhofen. 
i.  fycopodioides,  Ung.,  1.  c.  p.  194,  PI.  V.  Fig.  4.     Upper  Oolite,    Solenhofen. 
ircMcarita  Hdberleinii^  Dyer,  GsOL.  Mag.  Vol.  IX.  p.  150,  Fig.  1-3.     Upper 

Oolite,     Solenhofen. 
londylites  squamattis.  Dyer,  Geol.  Mag.,  Vol.  IX.  p.  195.  PL  V.  Fig.  7.   Upper 

Oolite.     Solenhofen. 
?upressoxylon  Pritchardi,  Kr. ;   Madoskie,  Joum.  Bot.  vol.  x.  p.  93.     Tertiary, 

Lough  Neagh. 
^inites  Solefihofenensisy  Dyer,  Geol.  Mag.  Vol.  IX.   p.  193,   PL  V.  Fig.  I. 

Upper  Oolite.     Solenhofen. 
JHmt€s  Withami^  LindL  and  Hutt ;  Canruthers,  Geol.  Mag.  Vol.  IX.  p.  58, 

Fig.  4.     Carboniferous,     Edinburgh. 
Prototaxites  Logani^  Dawson,  see  Nematophycus, 

MNOSPERM^? 

intholithest  Brongn. ;  Canruthers,  Geol.  Mag.  VoL  IX.  p.  52. 
7ardioearpon,  Brongn.  ;  Carrathers,  Geol.  Mag.  VoL  IX.  p.  52. 
Tardiocarpum  australe,  Carr.,  Quart.  Joum.  GeoL  Soc,  vol.  xxviii.  p.  356  ;  pi. 

xxvii.  f.  4.     Oolite,    Queensland. 
C  Liftdleyi,  Carr.,  1.  c.  p.  56  ;  f.  I  and  2.     Carboniferous.     Falkirk. 
C,  anomaluniy  Carr.,  1.  c  p.  57  ;  f.  3.     Carboniferous.     Coalbrook  Dale. 

>NOCOTYLEDON  ES. 

Foihocites  Grantoniy  Paterson  ;  Carmthers,  Geol.  Mag.  VoL  IX.  p.  58,  Fig.  6. 
Carboniferous.     Edinburgh. 


:iTOTiGES     OIF    iJL-sn^QrrBj^, 

\  THE  Mammalia  of  Eubopb  at  the  olosk  of  the  Miocene  Epoch. 

>»8IDEBATI0N8     SUB    LE8    MaMMIfIiBES    QUI    ONT    VECU    EN    EUBOPE 
▲    LA    FIN    DE   L*EPOQUB   MiOCENE.      par   PbOF.    AlBEBT    GaUDBY, 

(Extrait  du  Memoire  Intitule :  Animaux  fossiles  du  Mont  Le- 

beron,  Vaiicluse.     Paris,  1873.) 
IROM  the  study  of  the  remains  of  the  fossil  Mammalia  of  Pikermi, 
'      M.  Gaudry  considers  it  more  probable   that   the    successive 
ecies  occurring  at  different  geological  ages  have  been  derived  from 
ch  other,  than  that  they  were  created  independently.     His  conclu- 
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sions  are  based  upon  the  diacoyery  of  xmmerons  intermediate  Ibrmi 
between  genera  whicb  have  heretofore  been  conflideied  as  Teiy  dk- 
tinct :  for  example,  an  ape  intermediate  between  the  SemmopUkum 
and  Maciieus ;  a  carnivore  between  the  ffyana  and  Civet ;  a  padv- 
derm  between  the  Anchitherium  and  Horse,  a  ruminant  between  tki 
Goat  and  Antelope.  The  comparison  of  fossils  from  other  locaUtifli 
has  afforded  similar  residts.  With  the  view  of  combating  thfl 
opinions  opposed  to  him,  M.  Gaudry  has  studied  the  fossil  Miocene 
Fauna  of  Mont  Leberon,  and  has  arranged  his  observations  midff 
the  following  headings : — 

1. — ^The  close  of  the  Miocene  Period  was  characterized  by  a  greit 
development  of  Herbivora. 

2.  — The  Miocene  Mammalia  prove  that  the  types  of  the  higher 
forms  have  been  more  variable  than  the  lower. 

3. — ^An  examination  of  the  Mammalia  proves  that  the  U^ftx 
Miocene  of  Europe  can  be  divided  into  two  stages. 

4. — The  study  of  the  Miocene  Mammalia  supports  the  hypotheoi 
that  the  separation  of  the  Faunas  has  been  only  the  result  of  the 
local  displacement  of  the  Faunas. 

5. — On  the  analogous  forms  of  Mammalia  which  have  preceded 
and  followed  those  of  the  Upper  Miocene. 

6. — On  the  distinction  of  races  and  species  of  some  Mammalia  at 
the  close  of  the  Miocene  Period. 

I. — Tlie  study  of  the  ancient  animals  of  Yaucluse  shows  that  the 
Dhwtherium  was  accompanied  by  a  large  wild  boar,  two  species  of 
Rhlnoaros  and  the  ITtlladotherium,  the  most  majestic  of  all  the 
ruminants  which  inhabited  Euroi>e.  The  plains  were  covered  with 
henls  of  the  Ilipparion,  of  Gazelles  with  liarp-like  horns,  together 
with  a  Tratjocerns  related  to  the  antelopes,  a  Cervus  (C  Matheronis), 
also  a  lar^e  tortoise  and  some  smaller  species.  Few  Camivon 
troublod  the  peaceful  pastures  of  the  Herbivora,  the  remains  of 
Machairodusy  Ilymna,  and  Ictitherium  having  only  rarely  been  met 
with.  Tlie  following  list  sliows  that  the  quadrupeds  of  Lebercm 
wore,  in  all  probability,  contemi)oraneou8  with  those  of  Pikermi 
(Greece),  iialtavar  (Hungary),  and  Concud  (Spain). 


Mont  Lebekox 
(Vaucluse). 


Pikermi 
(Greece). 


Baltatar 
(Hungary). 


Co.va'D 
(Spain). 


Mnchairo(hiif  cultridens.,, 

llij(fna  (ximia    , 

Ictitherium  hipparionum 
Orbiijuyi  ? 


J)itwth('rium  (jiganteum  .  .. 
Aitt'otheriuin  incisivum  ? .. 
Jt/i  in <iCf  rns  tSr/i if  iermacheri 

Jlipp^iriou  gracile 

A'w.v  mfijur  ,, 

llcUmhtthtrium  Ituvcrfwiji 

Trngoctrus  amnlthviia , 

CervuM  Atatherouis , 

Gazclla  dtpcrdita    


z 

X 

X 

z 

z 

z 
z 
zP 

Dinotheriam 

Tar 

z 
S.  erymanthiu9 

z 

z 

z 

.  X 

z 
z 
z 
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The  above  list  ^ows  the  great  development  of  Herbivora^  a  charac- 
teristic- feature  of  the  dose  of  the  Miocene  period.  During  the 
[}alcaire  Orossier  and  Oypsum  period  of  the  Paris  Basin,  the 
xichyderms  predominated;  the  Lophiodon,  ChoBropotamus,  Hyra- 
u>thertumi  Pakeotheriun^  AnchilopTmSy  and  Anoplotherium,  The  most 
berbivorons  animals  were  the  Xiphodon,  DichodoHy  and  Amphimeryx,  so 
near  the  pachyderms  that  some  Naturalists  range  them  in  the  same 
9rder.  iJthongh  found  in  the  Lower  and  Middle  Miocene  with 
some  modifications  ii>  theur  dental  structure,  and  the  more  or  less 
anchjlosed  character  of  the  metatarsal  bones,  as  in  the  Gelocus, 
Drematherium,  and  Anchitherium,  it  was  in  the  Upper  Miocene  that 
fche  Herbivora  were  most  largely  developed.  The  Giraffe  and  Hella- 
dotherium  attained  a  size  nnknown  among  preceding  ruminants,  the 
Antelopes  and  Stags  were  of  more  varied  forms,  the  Hipparion  suo- 
oeeded  the  Anchitherium.  M.  Graudry  does  not  consider  the  prairies 
resembled  those  of  northern  Europe  at  present,  for,  from  the  cha- 
racter of  the  dentition  of  the  animals^  the  grasses  did  not  form  an 
important  part  of  the  vegetation  with  which  the  country  was  then 
covered.  During  the  Pliocene,  Quaternary,  and  present  (or  Modem) 
periods  the  ruminants,  as  well  as  the  Solipedes  {or  Equida),  were 
very  numerous  in  Europe,  and  the  prairies  were  more  extended. 
The  evolution  of  the  Camivora  followed  that  of  the  Herbivora.  At 
the  commencement  of  the  Eocene  period  the  beasts  of  prey  were  of 
small  size  and  not  numerous ;  the  Hycenodon  and  Pterodon  did  not 
exceed  the  size  of  the  wolf.  Soon  after  appeared  the  great  Amphicyon, 
in  character  intermediate  between  the  bear  and  the  dog,  inclining 
one  to  the  belief  that  they  were  probably  omnivorous  in  habit,  and 
devoured  more  dead  flesh  than  living  prey.  It  was  at  the  close  of 
the  Miocene  period  that  the  Camivora  arrived  at  their  apogee,  and 
were  represented  by  two  extreme  types,  the  Ilyana  and  the 
Maehairodus, 

n. — ^PalsBontologists  have  often-  supposed  that  a  great  difference 
existed  in  the  variation  of  the  higher  as  contrasted  with  the  lower 
types  of  organic  beings.  Indeed  it  has  been  considered  that  many 
of  the  Miocene  MoUusca,  as  well  as  a  certain  number  of  the  Eocene, 
were  identical  with  living  species ;  on  the  contrary,  the  Mammalia 
appear  to  have  been  restricted  to.  certain  geological  horizons ;  thus 
the  Lophiodon  is  found  only  in  the  Middle  Eocene,  the  Palaoiherium 
only  in  the  Upper  Eocene,  the  Rhinoceros  does  not  appear  below  the 
Miocene;  so  that  we  are  fully  entitled  to  say  "  the  age  of  Lophiodon,** 
"the  age  of  Palaoiherium**  and  '*  the  age  of  Rhinoceros,'* 

But  on  the  other  hand  a  minute  examination  of  the  older  species 
of  the  Tertiary  Mollusca  has  shown  characters  which  distinguish 
them  in  general  from  living  species. 

MM.  Deshayes,  Fischer,  and  other  conchologists,  who. have  studied 
the  relations  of  the  Tertiary  species,  think  that  (he  absolute  identity 
is  not  very  common  among  tlie  Mollusca  of  different  ages ;  on  the 
other  hand,  the  researches  of  MM.  Tournouer,  Thomas,  etc.,  have 
shown   that  the   Palctoiherium    has   been    contemporary   with   the 
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Lophiodon  and  tbo  Bhinoceros ;  thus  the  MoUusea  have  bad  a  lea 
Ijugcvity  thau  we  at  first  thoaglit,  and  the  Mammalia  have  hadi 
greater  longevity  than  we  had  supposed. 

Xevertheless,  M.  Gaudry  is  unwilling  to  admit  that  TariahiHty  of 
t)io  types  of  the  MoUusca  has  been  equal  to  that  of  the  MammaUi 
MM.  Darwin  and  Lyell  have  long  since  made  this  remaik,  aal 
M.  Gaudry  has  had  occasion  to  confirm  the  greater  loageTity '  of  tin 
lower  as  compared  with  the  higher  forms  of  animals,  finom  hu  re* 
searches  in  Greece  and  Mont  Leberon,  and  he  shows  that  thi 
MoUusca  have  a  longer  duration  in  time  than  the  Mammalia,  md 
that  the  beds  at  Cabrieres,  containing  among  others  Xo  speciefl  of 
living  marine  shells,  are  inferior  (stratigraphically)  to  the  boEt 
deposit  of  Leberon,  where  the  Mammalian  remains  either  present 
some  differences  to  existing  species,  or  belong  to  entirely  extinct 
genera,  as  the  Machairodus,  Ictitherium,  Dinotkerium,  Aceroikenn, 
Uipparion,  Helladotherium  and  Tragoeerus. 

III. — From  the  study  of  the  different  Mammalia,  and  their  dis- 
tribution at  Epi)el8heim,  Leberon,  and  Pikermi,  M.  Gaudry  considen 
that  tlie  Upper  Miocene  may  be  divided  into  two  zones,  and  that  the 
deposit  at  Eppelsheim  is  not  of  the  same  age  as  the  last  two ;  hot 
the  solution  of  this  question  is  not  without  difficulty.  At  first  soioe 
reasons  favour  the  idea  that  the  Eppelsheim  deposit  is  more  recent 
than  those  of  Pikermi  and  Leberon ;  for  the  wild  boars  of  Eppels- 
hoim  differ  less  from  the  living  species;  the  Mastodon  PenUlitioi 
Groece  s^onis  to  be  intennediate  between  the  M.  angustidens  of  Sansan 
lunl  the  M.  longirostris  of  Ep]>elslieini ;  the  Lcptodon  of  Pikormi,  uf 
the  ralcr.otherinm  \y\>Q,  is  not  found  at  Eppelsheim;  the  Tapir  of 
Eppelslioim,  which  has  not  occurred  at  Leljcron  or  tlie  thive  other 
localities  of  tlie  same  age,  has  a  greater  resemblance  to  the  Pliocene 
spocicH  of  France;  tlie  largo  tortoise,  appearing  to  indicate  a  ven 
warm  epoch,  li.'is  not  been  observed  at  Kppelsheim.  Nevertheless 
on  (he  wh<j]o  the  j^roofs  are  more  numerous  which  infer  the  dei>osit 
at  Ei)i)elhheim  to  be  the  more  ancient  llius,  there  are  traces  of  the 
groat  Ape  at  Eppelsheim  as  at  Sansan ;  the  ape  of  Pikemii  di>es  not 
rosemble  tliatof  Sansan,  but  that  of  the  Pliocene  marls  of  Montj^elier 
and  the  living  apes.  Tlie  HyjJ^nas  are  found  at  Leberon.  Concud. 
Baltavar,  and  Pikermi,  but  not  at  Eppelsheim;  it  is  a  recent  type 
unknown  in  the  Middle  Miocene.  The  Simocyon  of  Ep})elsheiui  his 
persistent  i)remolars,  in  that  of  Pikermi  they  are  in  part  deciduous 

^  If,  by  l«>Tit^evity  of  forin'^,  is  understood,  not  the  life  of  the  individual,  but  tbo 
lirr'tinio  nf  tb«'  race,  it  seems  hardly  possible  in  sonic  instances  to  coinprche.-.d  th? 
vaht  peiiods  of  time  which  a  marine  species  may  have  existed,  esiHreiallv  aiu<^nf 
the  Moilu-c.i.  Liinjuir^  dilfcriiij;  but  little  from  tlie  livinj'  spi-cies,  oc«'ur  in  the 
('ambri;in  rocks  of  Wales.  Ttubratula  jlmbniu  of  the  Inferior  Oolilo,  mi^lil 
(fxttrnulii/)  pifjs  f'»r  the  livinf^  iralfificimia  AmftraliM.  The  Kiu^-orahs  ^Ijmuiv, 
of  the  Siihiiliufcn  stone  can  hardly  bo  said  to  dilfer  from  those  of  the  China  se-as  (A 
to-day  I  I'rof,  Owen  lon/^  since  pointed  out  that  the  chance  of  survival  anicn^r  hi"J 
auinials  Uii>  in  inverse  proportion  to  their  bulk;  tht;  largest  l)eiug  olwuvs  X\\r  !in>l  to 
suffer  by  dr(»iij;lir«,  and  all  the  i>ther  causes  which  alTect  terrestrial  exLstince,  bu; 
which  art  uuleit  by  and  unknown  to  the  fauna  of  the  sea. — ^£dit.  Geol.  Mau. 
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he  absence  of  Oiraffes  and  Antelopes,  the  presence  of  Dorcathertum 
Mur  to  AmphiirtigviuB  of  the  Lower  Miocene  gives  to  Eppelsheim  an 
ident  aspect  The  Dierccenu  anoeerus  of  the  same  bed  has  the 
yruB  simply  forked  as  those  of  the  young  Cervus  elaphus,  which 
icrwiB  an  evolution  less  advanced  than  itie  C.  Matheranis  of  Leberon 
i  "which  the  horns  have  three  tines ;  besides,  it  approaches  much 
.ore  the  Dieroeerus  AureUanensia  of  the  Middle  Miocene. 

Prom  this  it  appears  the  Upper  Miocene  of  Europe  may  be  divided 
ito  two  stages ;  one,  more  recent,  represented  by  Pikermi,  Leberon, 
altavar,  and  Conoud;  the  other,  more  ancient,  represented  by 
ijppelsbeim. 

Tbe  Upper  Miocene  is  not  the  only  stage  where  we  find  ap- 
reciable  differences,  in  the  fauna.  As  geology  progresses,  the  better 
>  ure  recognize  that  the  organic  world  has  undergone  many  changes. 
he  following  table  shows  the  succession  of  the  terrestrial  faunas  of 
le  Tertiary  Mammalia : — 

LIOCENE. — 

a.  Fauna  of  Cromer,  Saint  Prest,  and  Saint  Martial. — It  is  distinguished  from  the 
preceding  fauna  by  the  disappearance  of  Mastodon;  the  Elephoi  meridional  is 
lias  the  molars  with  more  serrated  laminae  and  a  more  compact  enamel  ;  the 
stags  assume  more  branched  and  more  expanded  horns. 

h.  Fauna  of  Pcrier  and  of  the  Norwich  Crag. — Distinguished  from  the  preceding 
by  the  abundance  of  stags,  the  rarity  or  absence  of  antelopes,  the  dis- 
appearance of  Apes.     Co-existence  of  E.  meridionalis  with  the  Afastodon. 

c.  Fauna  of  Montpelier. — Distinguished  by  the  absence  of  Ilelladotheriufn^ 
Dinotherium^  Ictitherium^  and  Ancylotherium  ;  the  presence  of  the  Tapir  and 
/fyttnarctos.     Co-existence  of  stags  with  antelopes. 

PPER  Miocene — 

dn  Fauna  of  Mont  Leberon  and  Pikermi. — Distinguished  by  the  profusion  of 
antelopes,  the  presence  of  ffJeiladoikeriumi  Ictitherium,  and  Ifyana^  the  absence 
of  Dorcatherium  and  Tapir. 

e.  Fauna  of  Eppelsheim. — Distinguished  by  the  substitution  of  Hipparion  for 
Anchiiherium^  Mastodofi  langirostris  for  M.  angustidens,  and  also  by  the  pre- 
sence of  the  great  wild  boars  together  with  the  Dorcatherium^  Simocyony  and 
Tapir. 

[iDDLE  Miocene — 

y.  Fauna  of  Simorre. — It  differs  slightly  from  the  preceding  by  the  presence  of 
Dinotkerium  giganteum,  Histriodon,  R/tinoceras  brae hy pus ^  and  Simorr^usis  : 
and  the  absence  of  Chalicotherium  and  antelopes. 

g.  Fauna  ofSansan. — Notwithstanding  its  close  relation,  it  is  separated  from  tlic 
preceding  fauna  by  the  absence  of  Anthracotheriuniy  Caifiotherium^  Dnma- 
tfurium^  and  by  the  abundance  of  antelopes. 

h^  Faima  of  the  sands  of  Orleannais. — Distinguished  from  the  preceding  by 
the  absence  of  Hyienodon^  and  the  presence  of  many  species  common  to 
Sansan  and  even  of  Simorre,  associated  with  Anthracoiheriitm  onoidcitm^ 
Palaochienis^  Cainotherium^  Dretnot her  turn  ^  Dicrocerus  Aurelianensis.  Kcigii 
of  Dinotherium  Cuvieri,  Mastodon  angustidetu,  and  M.  tttricensis. 

owER  Miocene — 

L  Fauna  of  a  part  of  the  Allier  etage  (age  of  the  Limestone  of  Beauce). — 
Distinguished  by  the  disappearance  of  Palaotherium^  the  incoming  of  Anchi- 
therium^  and  the  replacement  of  the  Gelocus  by  the  Drcmotherium. 

k.  Fauna  of  Ronzon  and  Villebramar  (age  of  the  Sands  of  Fontaincbleau). — 
Differs  slightly  from  the  preceding  fauna  by  the  rarity  of  the  PaLcotherium^ 
al>5ence  of  Anoplotheriiimy  the  abundance  of  fiothryodon^  and  of  ruminants 
named  Gelocus.     Continuation  of  the  reign  of  Entekdon. 
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Upper  Eocene — 
/.  Fauna  of  the  phosphorites  of  Caylox  (age  of  the  Limestone  of  Bck).- 
Distinguished  from  the  preceding  by  the  increase  x>f  the  JS/titdedoti,  the  giot 
Anthracotheriumy  the  CaifUfthtnum^  contemporary  with  the  AnopMmm 
and  Paligothtrium, 
m.  Fauna  of  the  gypsum  of  Paris,  of  Bembridge,  and  of  the  lignites  of  Debngt 
— Distinguished  from  the  preceding  by  the  absence  or  rarity  of  LoMtdm. 
Keign  of  Palaoiherium^  Anoplotheriumy  Chctropotamus^  Dickdum,  X^kdm, 
Hyanodon^  and  PUrodofu 

Middle  Eocene — 
n.  Fauna  of  Hordwell  and  Mauremont  (age  of  Sands  of  Beauchamp). — Dkktdm, 
Microcharus,  RhagaUurium,     The  appearance  of  the  PalttUkermm  wkk 
the  LophiodoH, 
o.  Fauna  of  Egerkingen,  Argenton,  Issel,  and  Calcaire  Grossier  of  Paris. 
of  Lophiodon  and  Pachynolophus, 

Lower  Eocene — 
/.  Fauna  of  Ix)ndon  Clay. — Hyracotkerium^  Pliolophus. 
q.  Fauna  of  the  Plastic  Clay  of  Soissonnais. — Coryphodan^  PaUBonktis, 
r.  Fauna  of  the  grits  of  La  F^re. — Arctocyon, 

lY. — ^From  the  preceding  summary  it  will  be  seen  that  the  iami 
of  Eppelsbeim  must  have  had  a  different  facies  from  those  of  LSwron 
and  Pikermi,  because  it  contained  neither  Hyssna,  JZeUcuIolJbmw, 
Giraffe,  nor  those  great  herds  of  Antelopes  which  gave  an  Afirioaa 
aspect  to  the  faunas  of  Leberon  and  PikermL  But  i¥ith  ^eae 
contrasts  we  find  identical  species  in  the  deposits  of  Gkrmany, 
Greece,  and  Provence;  all  tlie  faunas  of  the  Upper  Miocene  of 
Europe  represent  degrees  of  evolution  so  related,  that  at  £r8t  it  k 
difficult  to  say  which  has  been  the  more  ancient.  M.  Qaudry  con- 
siders that  the  difference  of  age  between  the  two  sub-divisions  of 
the  Upper  Miocene  is  but  trifling,  and  that  the  different  faunas  jnay 
be  attributed  in  part  to  the  changes  in  the  physical  features  of  the 
surface  which  altered  the  habitats  of  the  animals,  and  occasioned  the 
displacement  of  the  faunas.  For  in  supposing  that  the  organic  world 
lias  gradually  progressed,  if  geologists  find  sudden  appearanoes  of 
fossils  in  passing  from  one  stage  to  another,  it  is  because  they  have 
in  general  placed  the  limits  on  points  where  there  have  been  dis- 
placements of  faunas.  The  palasontologist,  who  does  not  believe  in 
migraticnis  and  local  extinctions,  seeks  in  vain  to  connect  the  chain 
of  ancient  beings ;  he  finds  appearances,  disappearances,  and  recur- 
rences without  being  able  to  explain  them. 

V. — From  the  reasons  given  in  the  preceding  paragraph  it  would 
be  useless  to  seek  in  the  same  country  for  an  tmintemipted  chain  of 
fossil  beings ;  to  find  such  a  chain  we  must  uncover  all  the  strata 
of  the  earth.  Eut  if  in  passing  from  one  stage  to  another  we  per- 
ceive breaks,  we  find  also  analogous  forms.  Thus,  in  comparing  the 
Mammalia  of  the  Upper  with  the  Lower  Miocene,  we  find— SiiwofjfM 
analogous  to  Amphieyonj  Ictitherium  Orhtgnyi  to  Viverra,  Maehai- 
rodus  cultridens  to  M.  palmidens,  Ancylotherium  to  Maerotherimhy 
Mastodon  longirostris  and  Fentelici  to  M,  angusttdena,  Bhinoceros 
SchleiennacJieri  to  1?.  Sansaniensis,  Sus  palaocharua  to  S.  chttraideg, 
Chalicotherium  to  Anisodony  Dicrocerus  anocerua  to  D,  Aurelianentiit 
Gazdla  deperdita  and  breviconm  to  G,  Martiniana.     Many  Pliocene 
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species  of  Europe  ought  in  their  turn  to  be  considered  analogous  to 
the  animals  of  the  Upper  Miocene.  These  are — Scmnopit'hecus 
mon9pe9sulanu»  is  analogous  to  Mesopithecus,  Hyana  Perrieri  and 
hreviroBtris  to  H,  exinUa,  Sus  provindalis  to  S.  antiquua,  Mastodon 
arvemensia  to  M.  longirostria  and  Pentelici,  Tapirua  arvemensis  and 
major  to  T.  priseus,  Aniilope  Cordieri  to  Tragocerus  amaltheuSf  Dicro- 
eeruB  australis  to  2>.  aninoeerus.  These  analogies  reveal  a  certain  re- 
semblance between  the  fauna  of  the  Upper  Miocene  and  those  which 
have  preceded  and  followed  it.  Although  this  resemblance  shows 
itself  more  in  the  general  aspect  than  in  the  detail,  it  ought  to 
be  fully  considered  by  those  who  wish  to  understand  the  plan  of 
creation.  Indeed,  in  admitting  that  which  is  called  the  law  of 
creation,  we  must  suppose  either  that  in  creating  the  beings  of  one 
geological  epoch,  the  Creator  has  partly  taken  for  models  those  of 
preceding  epochs,  or  believe  that  the  analogies  represent  a  connexion 
with  some  near  or  remote  parentage.  M.  Oaudry  prefers  the  latter 
hypothesis,  because  the  majority  of  species  have  a  greater  number 
of  resemblances,  than  of  differences,  so  that  it  woidd  appear  more 
simple  to  derive  one  from  the  other,  than  to  destroy  them  in  order 
to  replace  them,  and  thus  species  have  not  a  distinct  origin,  but  are 
of  the  same  type  which' has  undergone  slight  modifications. 

VI. — "For  more  than  twenty  years,"  writes  M.  Gaudry,  "the 
history  of  the  modem  period  appeared  to  indicate  the  absence  of 
natural  races. 

**  The  Mummies  of  Egypt  have  not  offered  any  differences  which 
the  animals  now  living  do  not  maintain,  and  we  can  only  conclude 
that  the  species  were  unchanged. 

^'  But  now  it  is  acknowledged  that  the  actual  epoch  reaches  back 
much  further  than  the  age  of  the  Egyptian  mummies ;  so  that,  as 
remarked  by  the  illustrious  Pictet  (whose  loss  we  all  deplore),  the 
existing  Fauna  is  only  a  part  of  the  Quaternary  Fauna;  for  that  period 
comprehends  nearly  all  the  modem  species  of  Mammalia,  and  we 
can  perhaps  only  distinguish  a  few  of  the  larger  quadmpeds  which 
were  displaced  before  historic  times. 

^'But  it  is  very  probable  that  many  of  the  animals  named  as 

characteristic  of  the  Quaternary  epoch  are  of  the  same  species  as 

those  now  existing,  and  represent  only  particular  varieties  or  races  : 

for  example,  the  spotted  Hyaena,  the  Lion,  the  European  Bison,  the 

existing  Bovida,   the   Cervus  elaphtis,   seem  to  be  only  modified 

varieties  of  the  Hyana  spelaa,  the  Felts  spelaa,  the  Bison  prtscus,  the 

Bos  primigenius  and  the  Cervus  Canadensis  of  the  Quaternary  deposits. 
o  o  o  o  o 

"  I  could  greatly  multiply  examples ;  these,  however,  are  doubtless 
sufficient  to  explain  within  what  limits  animals  issuing  from  the 
same  parents  appear  to  me  to  merit  the  name  of  species  or  represent 
only  the  race. 

"  Whatever  be  the  difficulties  of  indicating  the  separation  between 
extinct  species  and  races,  I  think  that  this  task  is  worthy  to  attract 
the  attention  of  Naturalists."  J.  M. 


472  Beview9—Pro/.  DaubrSe^s  Strai^ied  Books. 


DlS  TSBRAINS  StBATTFT£8,  OONSIDiB^S  AU  PODTr  DE  Yul  h 
l'OrIGINE  DBS  SUBSTAITOBS  QUI  LE6  CONSTITUENT  XT  DU  TUBDT 
QUE    LEUR    ONT    APPORTi    LES    PARTIES    IhTEBKES    DU  QuOBi. 

By  M.  Daubr^e.   (From  the  Bull,  of  the  GeoL  Soc.  of  Fnmoe, 
2nd  Series,  vol.  xxviii.  p.  363.     Paris,  1871.     pp.  68.) 

THIS  "  note  "  as  it  is  called  is  in  truth  an  elaborate  essay  on  that 
most  intricate  of  subjects — the  chemical  origin  of  rocks.  It 
abounds  in  references  to  previous  works  on  the  subject,  although 
some  writers  who  are  identified  with  it,  such  as  Dr.  Sterry  Hunt  for 
instance,  are  curiously  enough  absent  from  the  list  of  those  quoted. 

In  studying  the  origin  of  the  composition  of  the  sedimentazy 
rocks  as  we  know  them  now,  M.  Daubree  is  not  content  wi^ 
tracing  their  constituent  parts  to  the  more  recent  reservoirs  of 
sea  and  land,  whence  they  were  undoubtedly  in  the  last  instance 
derived,  but,  like  an  enthusiastic  pedigree-maker,  he  must  fain  go 
back  to  the  dark  ages,  and  the  interior  of  the  earth  is  the  great 
laboratory  to  which  he  pushes  back  all  or  .almost  all  our  familiar 
rock-making  substances.  Of  course  much  of  what  M.  Daubree 
advances  is  pure  hypothesis,  and  the  "  scientific  Uses  of  the  Imagi- 
nation" are  nowhere  better  shown  than  in  disquisitions  dealing 
with  such  obscure  and  unknown  regions  as  the  "Bowels  of  the 
Earth."  Tlio  paper  is,  however,  full  of  suggostivo  thoughts,  and  is 
useful  as  giving  in  a  clear  and  definite  manner  the  opinions  of  a 
chemist  and  geologist  so  well  known  as  is  its  writer. 

"M .  Daubree  unites  with  M.  Delesso  in  attaching  considerable  import- 
ance to  the  submarine  volcanic  deposits  of  which,  beyond  the  fact  of 
their  exist^^nce,  we  really  know  very  little.  To  them,  including 
of  course  thermal  waters  charged  with  all  kinds  of  extraneous  sub- 
stances, the  presence  of  most  of  the  rock-forming  bodies  not  directly 
attributable  to  trituration  is  referred  by  them.  To  the  sea  with 
its  many  constituents  M.  Daubree  does  not  allow  much  influence  in 
the  formation  of  gi'eat  deposits  unless  it  be  aided  by  subterranean 
heat.  With  regard  to  rock-salt,  for  instance,  he  says,  that  although 
the  theory  that  it  could  be  produced  similarly  to  tho  salt  which  is 
found  in  the  neighbourhood  of  volcanoes  is  untenable,*  yet  the  mere 
evai)oration  of  salt  water  at  the  ordinary  temperature  cannot  satis- 
factorily explain  its  existence,  since  it  would  not  account  for  the 
preservation  of  deliquescent  salts,  such  as  camallite.  "How,"  he 
adds,  *•'  without  mentioning  Borate  of  Magnesia  or  Stassfurtite,  could 
Hematite,  limpid  quartz  with  very  distinct  forms.  Anhydrite  in  com- 
plete crystals,  such  as  are  scarcely  known  elsewhere,  and  Boracite  such 
as  has  quite  recently  been  found  there,  have  crystallized  in  the  midst 
of  these  deposits?"  ITieso  facts  amongst  others  convince  our  author 
that  tho  evapoi-ation  to  which  deposits  of  rock-salt  "apparently" 
owe  their  origin  was  caused,  not  by  the  action  of  the  atmosphere 

*  This  theory  waa  held  by  Breislack,  de  Charpentier,  Paul  Savi,  and  others. 
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alone,  bnt  was  aided  by  hot  emanationB  from  the  interior  of  the  earth. 
M.  Daubree  argnes  in  tiie  same  way  respecting  such  beds  of  dolomite  to 
the  formation  of  which  the  sea  may  have  contributed.  These  few 
remarks  will  suffice  to  give  some  notion  of  the  kind  of  questions 
which  M.  Daubree  treats  of  in  the  paper  under  consideration,  which 
is  one  of  the  most  extensive  generalizations  on  great  geological  pro- 
blems which  have  appeared  for  some  years.  O.  A.  L. 


Address  to  the  Geological  Section  at  the  Opening  of  the  Forty- 
third  Meeting  of  the  British  Association  at  Bradford,  September  i8th, 
1873.  By  John  Phillips,  M.A.,  D.CL.,  Oxon.,  LL.D.  Cambridge  and 
DubUn,  F.R^.,  F.G.S.,  President  of  the  Section. 

More  than  half  the  life  of  an  octogenarian  separates  us  from  the  birthday  of  the 
British  Association  in  Yorkshire ;  and  few  of  those  who  then  helped  to  inaugurate 
a  new  scientific  power  can  be  here  to-day  to  estinutte  the  work  which  it  accom- 
plished, and  judge  of  the  plans  which  it  proposes  to*  follow  in  future.  Would  that 
we  might  stiU  have  with  us  the  wise  leading  of  Harcourt,  and  the  intrepid  advocacy 
of  Sedgwick — names  dear  to  Geology,  and  always  to  be  honoured  in  Yorkshire  ! 

The  natural  sciences  in  general,  and  Geology  in  particular,  have  derived  from  the 
British  Association  some  at  least  of  the  advantages  so  boldly  claimed  at  its  origin : 
some  impediments  have  been  removed  from  their  path;  society  looks  with  approba- 
tion on  their  efforts ;  their  progress  is  hailed  among  national  triumphs,  though 
achieved  for  the  most  part  by  voluntary  labour ;  and  the  results  of  their  discoveries 
aje  written  in  the  prosperous  annals  of  our  native  industry. 

In  most  cases  scientific  truth  is  established  before  that  practical  application  is 
possible  which  constitutes  a  commercial  revolution  and  is  welcomed  with  applause 
by  the  community.  What  a  change  has  happened  within  forty,  nay,  twenty  years, 
in  the  ironworks  of  this  country !  But  long  before  the  foundations  of  furnaces 
were  laid  at  Middlesborough,  the  ferruginous  bands  in  the  Yorkshire  clifife  had  been 
often  explored  by  geologists,  and  waited  only  for  the  railway  to  yield  millions  of 
tons  of  ore.  The  occurrence  of  good  ironstone  in  the  Liassic  strata  of  Eng- 
land is  a  source  of  profit  as  far  to  the  south  as  Oxfordshire ;  Northamptonshire 
yields  it  in  abundance  at  the  base  of  the  Oolites,  and  Lincolnshire  above  them, 
while  on  the  Yorkshire  coast,  in  addition,  wc  have  smaller  beds  in  the  midst  of  the 
Oolites,  through  nearly  the  whole  range  associated  with  poor  and  thin  coal. 

To  determine  the  extent  of  the  British  Coal-fields,  and  the  probable  duration  of 
the  treasures  which  thev  yield,  and  to  discover,  if  possible,  other  fields  quite  un- 
dreamed of  by  practical  colliers,  are  problems  which  geology  has  been  invited  to 
solve  ;  and  much  progress  has  been  made  in  these  important  inquiries  by  private 
research  and  the  aid  of  a  public  commission.  The  question  most  interesting  to  the 
community — the  extent  to  which  known  Coal-fields  reach  beneath  superior  strata, 
and  the  situation  of  other  fields  having  no  outcrop  to  the  surface — can  often  be 
answered  on  purely  geological  grounds,  within  not  very  wide  limits  of  probability. 

Iff  for  example,  we  ask  bow  far  to  the  eastward  the  known  Coal-strata  may  ex- 
tend under  the  Vale  of  York,  a  reasonable  answer  is  fiirnished  by  Mr.  Hull  and 
the  Government  Commission.  The  whole  great  coal  deposit  extending  from  Brad- 
ford to  Nottingham,  passes  under  the  Magnesian  Limestone,  and  may  be  found  for 
at  least  a  few  miles  in  breadth  within  attainable  depths.  It  passes  under  a  part  of 
the  Vale  of  York,  probably  south  of  the  city.  But  before  attempting  to  give  a 
practical  value  to  this  opinion,  it  may  be  well  to  remember  that,  fiiUy  tried,  the 
experiment  would  be  too  costly  for  individual  enterprise,  while  if  successful  it 
would  benefit  more  than  a  county — and  that  not  only  a  large  outlay  must  be  pro- 
vided for  it,  but  arrangements  made  for  persevering  through  several  years  in  the 
face  of  many  difficulties,  and  perhaps  eventual  disappointment.  Still,  sooner  or 
later,  the  trial  must  be  made  ;  and  geology  must  direct  the  operation. 

Considerations  of  this  kind  invest  with  more  than  momentary  interest  the  great 
undertaking  to  which  Mr.  God  win- Austen  called  attention  in  his  address  to  tlie 
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Geolu^cal  Section  at  Brighton.  Not  to  dig  gypsom,  not  to  op>en  a  new  sappljrcf 
salt,  not  to  tiiscover  coal  in  Sussex,  but  to  nnd  out  what  is  below  the  NVealdeOi 
an'!  thus  contribute  to  solve  a  great  practical  problem  for  London  and  all  the  sooth 
of  Kn^land,  have  geologists  undertaken  the  deep  boring  near  Hastings^  Wlai  is 
bclijw  the  Wealden?  Do  the  Oolitic  rocks  continue  beneath  it  with  their  nscal 
characters  and  thickness  ?  or  do  they  suffer  that  remarkable  diminution  whkh  is 
observed  in  their  eastward  declination  through  the  Midland  Counties?  Do  thef 
occur  at  all  there?  may  the>-  lie  only  in  separate  patches  amidst  older  rocks?  nxr 
thtrsc  older  rocks,  continued  from  Belgium,  appear  at  once  or  at  no  great  depth 
below  the  Wealdcn,  and  bring  with  them,  if  not  coal,  some  sure  knowledge  uf  the 
way  in  which  the  great  subterranean  anticlinal  passes  from  the  Rhineland  throngh 
Bei^um  to  Somerset,  South  Wales,  and  Ireland  ?  Such  an  experiment  most  not 
1>e  allowed  to  come  to  a  premature  end. 

Turning,  however,  from  these  topics,  which  involve  industrial  interests,  to  other 
lines  of  geological  research,  we  remark  how  firmly  since  1S31  the  great  facts  of 
rock -stratification,  succession  of  life,  earth-movement,  and  changes  of  oceanic  aieu 
have  been  established  and  reduced  to  laws — laws,  indeed,  of  phenomena  at  present, 
but  gradually  acquiring  the  character  of  laws  of  causation. 

Among  the  important  discoveries  by  which  our  knowledge  of  the  earth^s  strac* 
turc  and  history  has  been  greatly  enlarged  within  forty  years,  place  must  be  giva 
to  the  results  of  the  labours  of  Sedg\iick  and  Murchison,  who  estaUished  the 
Canibro- Silurian  systems,  and  thus  penetrated  into  ancient  time-relics  very  hx 
towanl  the  shadowy  limit  of  palaeontological  research.  Stimulated  by  this  success^ 
the  early  strata  of  the  globe  have  been  explored  with  unremitting  industry  in  erery 
corner  of  the  earth  ;  and  thus  the  classincation  and  the  nomenclature  whkh  were 
suggested  in  Wales  and  Cumberland  are  found  to  be  applicable  in  Russia  and 
India,  America  and  Australia,  so  as  to  serve  as  a  basis  for  the  general  scale  of 
geological  time,  founded  on  organic  remains  of  the  successi^'e  ares. 

Hiis  great  principle,  the  gift  of  William  Smith,  is  also  cm^>'ed  with  soocess 
in  a  fuller  study  of  the  deposits  which  stand  among  the  latest  in  our  histwy,  and 
involve  a  va>t  variety  of  phenomena,  touching  a  long  succession  of  life  on  the  land, 
chan^'es  of  dc]*lh  in  the  sea,  and  alterations  of  climate.  Among  these  e\'i(lence> 
of  physical  revolution,  which,  if  modem  as  geological  events,  are  \cry  ancient  if 
est  imate<l  in  centuries,  the  earliest  monuments  of.  man  find  place — not  buiidinp, 
nut  inhabited  caves  or  dwellings  in  dr>'  earth  -pits,  not  pottery  or  fabricated  meial, 
but  mere  stones  sha{>ed  in  rude  fashion  to  constitute  apparently  the  one  tool  and 
one  weapon  with  which,  according  to  Preslwich,  and  Evans,  and  Lubbock,  the 
poor  inhabitant  of  northern  climes  hnd  to  sustain  and  defend  his  life. 

Nothing  in  my  day  ha^  had  such  a  decided  influence  on  the  public  mind  in 
favour  of  geological  research,  nothing  has  so  clearly  brought  out  the  pur^wse  and 
scojk;  of  our  science,  as  these  two  great  lines  of  inquir)',  one  directed  to  the 
beginning,  the  other  to  the  end  of  the  accessible  scale  of  earthly  time  ;  for  thus  h^s 
it  l)een  made  clear  that  our  puri^>ose  can  l)c  nothing  less  than  to  discover  the  history 
of  the  land,  sea,  and  air,  and  the  long  sequence  of  life,  and  to  marshal  the  result* 
in  a  settled  chronology — not,  indcetl,  a  scale  of  years  to  be  measured  by  the  rou- 
tions  or  revolutions  of  planets,  but  a  series  of  ages  slowly  succeeding  one  another 
through  an  immensity  of  time. 

There  is  no  question  of  the  truth  of  this  historj*.  The  facts  ob5er\-ed  are  found 
in  variaVjlc  combinations  from  time  to  time,  and  the  interpretations  of  these  facts 
are  modified  in  different  directions ;  but  the  facts  are  all  natural  phenomena, 
and  the  interpretations  are  all  derived  from  real  laws  of  thosa  phenomena,— 
some  certified  by  mathematical  and  mechanical  research,  others  based  on  chemical 
discover)',  others  due  to  the  scalpel  of  the  anatomist,  or  the  microscopic  scrutiny 
of  the  botanist.  The  gran<lest  of  early  geological  phenomena  have  their  represenU- 
tives,  however  feeble,  in  the  change^  which  are  now  hap}»ening  around  us ;  the 
forms  of  ancient  life  most  surprising  by  their  magnitude  or  singular  adaptations  can 
be  explained  by  analogous  though  often  rare  and  abnormal  production^  of  to-day. 
Biology  is  the  contemporary  index  of  Pala-ontologj',  just  as  the  events  of  the  nine- 
teenth century  furnish  explanations  of  the  course  of  human  history  in  the  older  limc>. 

To  forget,  in  referring  to  this  subject,  the  name  of  our  great  and  veteran  leader. 
Sir  Charles  Lyell,  wouhl  be  diOicuU  for  any  who  have  profitc\l  by  the  perusal  ol 
his  masterly  works,  is  impossible  for  those  who,  like  me,  have  been  witnesses  of 
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lat  life-long  zeal  and  energy  which  carried  him  to  explore  distant  r^ons  and 
lake  friends  for  English  Oeology  in  every  quarter  of  the  globe. 

Keeping  our  attention  on  Pleistocene  Geology,  we  may  remark  that  the  famous 
ivem  of  Kirkdale,  with  the  eaually  celebrated  rock-den  of  bears  and  hyscnas  at 
brquay,  receives  no  small  help  toward  clearing  up  the  history  of  mammalia  in 
ritain  fram  the  explorations  now  going  on  in  the  limestone  cliffs  not  far  from  this 
lace  of  meeting.  In  Kirkdale  Cave  no  trace  of  human  art  appeared ;  Kent's  Hole 
as  given  proofs  of  the  presence  of  man  from  the  earliest  period  characterized  by 
le  remains  of  the  great  bear ;  and  both  there  and  in  the  Victoria  Cave  near 
ettle,  at  much  later  periods,  domestic  occupation  is  fully  established. 

It  will  be  readily  concedeid  that  for  gathering  good  information  regarding  the 
borigines  of  our  land  the  British  Association  has  wisely  appropriated  some  por- 
on  of  its  funds;  probably  we  shall  agree  in  thinking  that  the  additional  data 
'hich  may  be  expected  are  worthy  of  further  expenditure  and  the  employment  of 
alnable  Ubour.  And  this  leads  me  to  remark  how  r^  is  the  obligation  of  this 
.Asociation  to  some  of  its  members  who  have  directed  these  researches,  and  how 
urge  a  debt  of  gratitude  is  due  to  one  in  particular,  who,  not  content  with  turning 
very  day  his  intelligent  eyes  on  the  remarkable  phenomena  disclosed  by  excava- 
on  in  the  Torquay  caverns,  has  with  his  own  hands  cleared  and  washed  thousands 
f  bones  and  teeth,  studied,  labelled,  and  arranged  them,  and  year  hy  year  has  de- 
ghted  this  Section  with  careful  narratives  of  what  he  and  Mr.  Vivuin,  following 
le  steps  of  MacEnery,  have  surely  observed  and  recorded.  Labour  of  this  kind 
le  Association  cannot  purchase ;  nor  would  the  generous*  spirit  of  my  friend  con- 
mt  to  such  a  treaty.  I  may,  however,  use  the  privilege  of  my  temporary  office, 
tid  suggest  to  you  to  consider  whether  the  time  is  not  come  for  the  friends  of  the 
issociation,  and  especially  the  members  of  this  Section,  to  unite  in  a  general 
Tort,  and  present  to  Mr.  Pengelly  a  substantial  proof  that  they  highly  appreciate 
is  disinterested  labours  in  their  service,  and  the  ample  store  of  new  knowledge 
'hich  he  has  had  so  large  a  share  in  producing. 

During  the  long  course  of  geological  time  the  climates  of  the  earth  have  changed. 
1  many  regions  evidence  of  such  change  is  furnished  by  the  forms  of  contemporary 
fe.  Warm  climates  have  had  their  influence  on  the  land,  and  favoured  the 
rowth  of  abundant  vegetations  as  far  north  as  within  the  arctic  circle ;  the  sea  has 
ourished  reef-making  corals  in  northern  Europe  during  Pabeozoic  and  Mesozoic 
?es ;  crocodiles  and  turtles  were  swimming  round  the  coasts  of  Britain,  among 
lands  clothed  with  Zamia;  and  haunted  by  marsupial  (juadrupeds.  How  have  we 
»st  this  primaeval  warmth?  Docs  the  earth  contribute  less  neat  from  its  interioi 
ores?  does  the  atmosphere  obstruct  more  of  the  solar  rays  or  permit  more  free 
idiation  from  the  land  and  sea?  has  the  sun  lost  through  immensity  of  time  a 
msible  portion  of  his  beneficent  influence  ?  or,  finally,  is  it  only  a  ({uestion  of  the 
evation  of  mountains,  the  course  of  oceanic  currents,  and  the  distribution  of  land 
id  sea? 

The  problems  thus  suggested  are  not  of  easy  solution,  though  in  each  branch  of 
le  subject  some  real  progress  is  made.  The  globe  is  slowly  changing  its  dimen- 
ons  by  cooling;  thus  inequalities  and  movements  of  magnitude  have  arisen  and 
-e  still  in  progress  on  its  surface:  the  effect  of  internal  pressure,  when  not  resulting 
>  mass-movement,  is  expressed  in  the  molecular  action  of  heat  which  Mallet 
)^ies  to  the  theory  of  volcanoes.  The  sun  has  no  recuperative  auxiliary  known 
» Thomson  for  replacing  his  decaying  radiation  ;  the  earth,  under  his  influence,  as 
as  shown  by  Herschel  and  Adhemar,  is  subject  to  i>eriods  of  greater  and  less 
armth,  alternately  in  the  two  hemispheres  and  generally  over  the  whole  surface ; 
id  finallv,  as  Hopkins  has  shown,  by  change  of  local  physical  conditions  the 
imatc  oi  northern  zones  might  be  greatly  cooled  in  some  regions  and  greatly 
armed  in  others. 

One  is  almost  frozen  to  silence  in  presence  of  the  vast  sheets  of  ice  which  some 
my  friends  {followers  of  Agassiz)  believe  themselves  to  have  traced  over  the 
ountains  and  vales  of  a  great  part  of  the  United  Kingdom,  as  well  as  over  the 
ndred  regions  of  Scandinavia.  One  shudders  at  the  tliought  of  the  innumerable 
ebergs  with  their  loads  of  rock,  which  floated  in  the  once  deeper  North  Sea,  and 
x)ve  the  hills  of  the  three  Ridings  of  Yorkshire,  and  lifted  countless  blocks  of 
ilurian  stone  from  lower  levels,  to  rest  on  the  precipitous  limestones  round  the 
»urces  of  the  Ribbie. 


476  Reports  and  Proceedings — 

Those  who,  with  Professor  Ramsay,  adopt  the  clacial  hypothesis  in  its  fall 
extent,  and  are  familiar  with  the  descent  of  ice  in  Alpine  valleys  where  it  grinds 
and  polishes  the  hardest  rocks  and  winds  like  a  slow  river  roond  projectix^  cliffs, 
arc  easily  conducted  to  the  hirther  thought  that  such  valleys  have  beea  excavated 
Ly  (iuch  icc-nibbers.  and  that  even  great  lakes  on  the  course  of  the  riven  have  bea 
dug  out  by  ancient  glaciers  which  once  extended  far  beyond  their  actual  limiB. 
That  they  diil  so  extend  is  in  sc^-eral  instances  well  ascertained  and  proved :  tlut 
they  cli«l  in  the  manner  suf^ested  plough  out  the  valleys  and  lakes  is  a  proposition 
which  cannot  be  accepted  until  we  possess  more  knowledge  than  has  yet  bea 
attaincfl  regarding  the  resistance  offered  by  ice  to  a  crushing  force,  its  tensile 
strength,  the  measure  of  its  resistance  to  shearing,  and  other  data  required  for  a 
just  estimate  of  the  problem.  At  present  it  would  appear  that  under  a  column  of 
its  own  substance  looo  ft.  high,  ice  would  not  retain  its  solidity ;  if  so,  it  could  not 
pnipagate  a  greater  pressure  in  any  direction.  This  question  of  the  exca^-ating 
effect  of  glaciers  is  distinctly  a  mechanical  problem,  requiring  a  knowledge  ti 
certain  data ;  and  till  these  are  supplied,  calculations  and  conjectures  are  equally 
vain. 

A  distinguishing  feature  of  modem  geolog>'  is  the  great  development  of  the  doc- 
trine that  the  earth  contains  in  its  burial-vaults,  in  chronological  order,  forms  of 
life  characteristic  of  the  several  successi\-e  periods  when  stratined  rocks  were  depo- 
siteri  in  the  sea.  This  idea  has  been  so  thoroughly  worked  upon  in  all  countries, 
that  we  arc  warranted  to  believe  in  something  like  one  universal  order  of  appear- 
ance in  time,  not  only  of  large  groups  but  even  of  many  genera  and  specie&  The 
Trilobitic  ages,  the  Ammonitic,  Mcgalosaurian,  and  Palaratherian  periods  are 
familiar  to  every  geologist.  WTiat  closed  the  career  of  the  several  races  of  plants 
and  animals  on  the  land  and  in  the  sea,  is  a  question  easily  answered  for  particular 
parts  of  the  earth's  surface  by  reference  to  '^phj-sical  change":  for  this  is  a  main 
cau>e  of  the  presence  or  absence,  and  in  general  of  the  unequal  distribution  of  life. 
But  what  brought  the  succession  of  different  races  in  something  like  a  con>tant 
order,  not  in  one  tract  only,  but  one  may  say  generally  in  oceanic  areas,  o%'er  a 
larf^L'  ]>ortion  of  the  globe? 

l.ifc*  unfi^lds  itbcif  in  ever)'  living  thing,  from  an  obscure,  often  undi>tin£::lu^^hable 
cell  j^crm,  in  which  resides  a  potential  of  both  physical  and  c-r^anic  chan^jc— a 
chnnc;^.'  wliich,  whether  continual  or  interruptcl,  j^dual  or  critical,  culminate-  in 
the  ]»nv1uction  of  similar  germs,  capable  under  favourable  conditions  of  a>>u!n:n^ 
the  ciierev  r>f  life. 

How  true  to  their  prototy^xjs  are  all  the  forms  with  which  we  arc  familiar,  how 
correctly  they  follow  the  family  pattern  for  centuries,  and  even  thousands  of  \-ears, 
is  known  tf»  all  students  of  ancient  art  and  explorers  of  ancient  catacom':;^.  But 
much  more  than  this  is  known.  Very  small  ditTerences  separate  the  elephant  ot 
India  from  tlie  mammoth  r)f  Yorkshire,  the  li'aiJf'uimuj  of  the  Australian  shore 
from  the  Trre/>rafnU  of  the  (.'otswoKl  Oolite,  the  drai/on-tlv  of  our  rivers  from  the 
Ijhdlula  of  the  Lias,  an<l  even  the  RkyHclwudlic  and  Lhiiru^u  of  the  modem  sea 
from  the  old  sp^rcies  which  swarm  in  the  I'alajozoic  rocks. 

iiut  concurrently  with  thi^  ai)parent  perpetuity  of  similar  forms  and  ways  of  life, 
another  general  idea  comes  into  notice.  No  two  plants  are  more  than  alike  ;  no 
two  men  have  more  than  the  family  resemblance  ;  the  offspring  is  not  in  all  respects 
an  exact  copy  of  the  parent.  A  general  reference  to  some  earlier  type,  accom- 
pnnie«l  by  special  diversity  in  every  case  ("descent  with  moditication"),  is  re- 
co;^ni/.e(l  in  the  case  of  every  living;  being. 

.Similituile,  not  identity,  is  the  effect  of  natural  agencies  in  the  continuation  of 
life-forms,  the  Nmali  differences  from  ifJentity  being  due  to  limitcil  phvMcal  con- 
tlitions,  in  harmony  with  the  general  law  that  or;;anic  structures  are  adapte^l  to  the 
cxij^'t-ncies  of  l>eing.  Morcvjver  the  structures  are  adaptable  to  new  comiiiions;  if 
the  conditions  change,  the  structures  change  also,  but  not  suddenly  ;  the  plant  or 
animal  may  sur\'ive  in  presence  of  slowly  altered  circumstances,  but  must  j^erish 
under  critical  inversions.  These  adaptations,  so  necessary  to  the  preservation  of  .1 
race,  are  they  restricted  within  narrow  limits?  or  is  it  po^sil)le  that  in  tlic  coun>e  of 
long-enduring  time,  stej>  by  step  and  grain  by  grain,  one  form  of  life  can  be 
changed  and  has  been  changed  to  another,  and  adapted  to  fultil  quite  different 
functions?  Is  it  thus  that  the  innumerable  forms  of  plants  and  aninmls  have  becii 
**  developed"  in  the  coutse  of  ages  upon  ages  from  a  few  original  types? 
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This  question  of  development  might  be  safely  left  to  the  prudent  researches  of 
Physiology  and  Anatomy,  were  it  not  the  case  that  Palaeontology  furnishes  a  vast 
range  of  evidence  on  the  real  succession  in  time  of  organic  structures,  which  on  the 
whole  indicate  more  and  more  varietv  and  adaptation,  and  in  certain  aspects  a 
glowing  advance  in  the  energies  of  life.  Thus  at  first  only  invertebrate  animals 
appear  in  the  catalogues  of  the  inhabitants  of  the  sea,  then  fishes  are  added,  and 
r^tiles  and  the  higher  vertebrata  succeed ;  man  comes  at  last,  to  contemplate  and 
in  «ome  degree  to  govern  the  whole. 

The  vanous  hypothetical  threads  by  which  many  good  naturalists  hoped  to 
unite  the  countless  facts  of  biological  change  into  an  harmonious  system  have 
culminated  in  Darwinism,  which  takes  for  its  basis  the  facts  already  stated,  and 
proposes  to  explain  the  analogies  of  organic  structures  by  reference  to  a  common 
or^^,  and  their  differences  to  -small,  mostly  congenital,  modifications  which  are 
integrated  in  particular  directions  by  external  physical  conditions,  involving  a 
"struggle  for  existence."  Geology  is  interested  in  the  question  of  development, 
and  in  the  particular  exposition  of  it  by  the  great  naturalist  whose  name  it  bears, 
because  it  alone  possesses  the  history  of  the  development  in  titm^  and  it  is  to  in- 
conceivably long  periods  of  time,  and  to  the  accumulated  -effect  of  small  but  almost 
infinitely  numerous  changes  in  certain  directions,  that  the  full  effect  of  the  trans- 
ibrmations  is  attributed. 

For  us,  therefore,  at  present  it  is  to  collect  with  fidelity  the  evidence  which  our 
researches  must  certainly  yield,  to  trace  the  relation  of  forms  to  time  generally  and 
physical  conditions  locally,  to  determine  the  life-periods  of  species,  genera,  and 
uunilies  in  different  regions,  to  consider  the  cases  of  temporary  interruption  and 
occasional  recurrence  of  races,  and  how  far  by  uniting  the  results  obtained  in 
'different  rq^ions  the  alleged  "imperfection  of  the  geological  record*'  can  be 
emedied. 

The  share  which  the  British  Association  has  taken  in  this  great  work  of  actually 
reconstructing  the  broken  forms  of  ancient  life,  of  repeopling  the  old  land  and 
older  sea,  of  mentally  reviving,  one  may  almost  say,  th^  long-forgotten  past,  is 
considerable,  and  might  with  advantage  be  increased.  We  ask,  and  wisely,  from 
time  to  time,  for  the  combined  labour  of  naturalists  and  geologists  in  the  prepara- 
tion of  reports  on  particular  classes  or  families  of  fossil  plants  and  animals,  their 
true  structure  and  affinities,  and  their  distribution  in  geological  time  and  geo- 
graphical space.  Some  examples  of  this  useful  work  will,  I  hope,  be  presented 
to  this  Meeting.  Thus  have  we  obtained  the  aid  of  Agassiz  and  Owen,  and. have 
welcomed  the  labours  of  Forbes,  and  Morris  and  Lycett,  and  Huxley,  of  Dawkins 
and  Egerton,  of  Davidson,  Duncan,  and  Wright,  of  Williamson  and  Camithers 
and  Woodward,  and  many  other  eminent  persons,  whose  valuable  results  have  for 
the  most  part  appeared  in  other  volumes  than  our  own. 

Among  these  volumes  let  me  in  a  special  manner  recall  to  your  attention  the 
priceless  gift  to  Geology  which  is  annually  offered  by  the  Pabeontographical 
Society,  a  gift  which  might  become  even  richer  than  it  is,  if  the  literary  and 
scientific  part  of  our  community  were  fortunate  enough  to  know  what  a  perpetual 
treasure  they  might  possess  in  return  for  a  small  annual  tribute.  The  excellent 
example  set  and  the  good  work  recorded  in  the  Memoirs  of  the  Society  referred  to 
have  not  been  without  influence  on  foreign  men  of  science.  We  shall  soon  have 
such  Memoirs  from  France  and  Italy,  Switzerland  and  Germany,  America  and 
Australia  ;  and  I  trust  the  effect  of  such  generous  rivalry  will  be  to  maintain  and 
increase  the  spirit  of  learned  research  and  of  original  observation  which  it  is  our 
privilege  and  our  duty  to  foster,  to  stimulate,  and  to  combine. 

On  all  the  matters^  indeed,  which  have  now  been  brought  to  your  thoughts  the 
one  duty  of  geologists  is  to  collect  more  and  more  accurate  information  ;  the  one 
fault  to  be  avoided  is  the  supposition  that  our  work  is  in  any  department  complete. 
We  should  speak  modestly  of  what  has  been  done  ;  for  we  have  completed 
nothing,  except  the  extinction  of  a  crowd  of  errors,  and  the  discovery  of  right 
methods  of  proceeding  toward  the  acquisition  of  truth.  We  may  speak  hopefully 
of  what  is  to  be  accomplished  ;  for  the  right  road  is  before  us.  We  have  taken 
some  steps  along  it ;  others  will  go  beyond  us  and  stand  on  higher  levels.  But  it 
will  be  long  before  any  one  can  reach  the  height  from  which  he  may  be  able  to 
survey  the  whole  field  of  research  and  collect  the  results  of  ages  of  labour. 

primaque  ab  origine  mundi 
Ad  sua  perpetuum  deducere  tempora  carmen. 
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THE  EARLIEST  DISCOVERED  ETIDEXCE  OP  EXTIXCT  STRUTfflOrS 

BIRDS  IX  NEW  ZEALAND. 

Sib, — I  have  the  pleasnre,  agreeably  with  joxa  request,  to  infoin 
you  that  I  have  received  the  permission  of  Benjamin  Bright,  Esq^ 
to  deposit  in  the  British  Museum  the  portion  of  **  bone  of  an  nih 
known  Struthious  bird  of  large  size,  presumed  to  be  extinct," — 
described  and  figured  in  the  third  volume  of  the  "  TnLDsactions  of 
the  Zoological  Society,"  p.  29,  pL  iiL,  and  subsequently  determined 
as  the  shaft  of  the  femiu:  of  Dinomis  Struthioldes  (Owen). 

The  individual  who,  in  Oetober,  1839,^  bronght  this  specimen  to 
me,  for  sale,  at  the  Royal  College  of  Surgeons,  asked  ten  guineas 
for  it  When  I  had  convinced  myself  that  it  was  the  shaft  of  the 
femur  of  a  Bird,  and  that  the  evidence  supplied  by  the  vendor  made 
it  at  least  probable  that  the  specimen  had  been  found  in  New 
Zealand,  I  reported  the  circumstances  to  the  Board  of  Curators  of 
the  Boyal  College  of  Surgeons,  and  recommended  the  purchase  of  the 
specimen.  This  was  declined.  I  had  determined,  on  being  entrusted 
with  office  in  the  Hunterian  Museum,  not  to  form  a  private  collec- 
tion, and  my  circumstances,  in  1839,  did  not  allow  me  to  give  ten 
guineas  for  a  specimen ;  and  this  I  stated  to  the  vendor,  in  request* 
ing  permission  to*  describe  and  figure  it:  which  permission  he 
liberally  granted. 

The  specimen  was  purchased  by  Benjamin  Bright,  Esq.,  of  Bristol, 
to  whom  a  copy  of  the  abstract  of  my  paper  had  been  sent,  and 
was  placed  in  liis  private  museum ;  which,  on  his  decease,  e4\me  into 
the  possession  of  his  son.  On  communicating  to  this  gentleman  the 
desirability  of  the  original  bone  of  the  Dinomis  being  deposited  in 
the  British  Museum,  he  most  liberally  permitted  me  to  submit  to 
the  Trustees  an  ofiFer,  as  a  donation,  of  the  entire  Collection  made 
by  his  father  and  grandfather,  including  the  original  specimen  which 
initiated  the  series  of  papers  on  the  Dinomis  that  have  since  ap- 
peared in  the  "  Zoological  Transactions." 

EiCHARD  Owen. 

ON  THE  RELATION  OF  PTERASPIS  AND  SCAPHASPIS. 

Sir, — I  have  but  just  seenMagister  Schmidt's  letter  in  the  July  Num- 
ber of  the  Geological  Magazine  (p.  330).  Ex  cathedra  utterances  are 
interesting  only  when  the  individual  who  indulges  in  them  is  for  some 
reason  the  represent^itive  of  a  party,  or  has  acquired  the  confidence 
of  qualified  critics.  For  Mr.  Schmidt  therefore  to  tell  us  that  Kunth's 
evidence  appears  "most  satisfactory,"  and  that  the  two  shields 
figured  by  him  "  are  not  brought  into  contact  accidentally,"  is  sheer 
waste  of  your  space  and  of  his  time.  If  he  will  have  the  goodness 
to  send  to  you  some  reasoning  upon  the  existing  data,  or  an  account 

*  See  **  Proceedings  of  the  Zoological  Society,*'  November  12,  1839,  p.  169, 
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of  new  data  bearing  on  the  matter,  he  will  possibly  render  some 
servioe  to  English  geologists ;  but  off-hand  enunciations  of  simple 
opinion  have  no  special  value  because  they  come  from  Eussia. 

Mr.  Schmidt  obviously  can  tell  us  no  more  about  Eunth's  speci- 
men than  what  we  have  seen,  and  what  he  has  seen,  in  Eunth's  paper.* 

It  is  interesting  to  read  that  Mr.  Schmidt  thinks  he  has  found 
bone-lacunsB  in  Pteraspis ;  but  it  is  desirable  to  caution  the  readers 
of  the  OsoL.  Mao.  as  to  accepting  the  supposed  fact  There  have 
been  so  many  blunders  on  the  Continent  with  regard  to  Pteraspis, 
that  it  will  not  be  wise  to  attach  any  importance  to  the  statement 
until  we  have  evidence  that  the  shield  examined  was  really  that  of 
Pteraspis.  It  is  not  at  all  improbable  that  it  was,  but  it  is  also  not 
improbable  that  it  was  something  else. 

E.  Bay  Lankzsteb. 

EZXTBB  COLLEOB,  OxFOBD, 

S^pt,  l»t,  1873. 


MR.  WARD  ON  THE  GLACIATION  OF  THE  LAKE  DISTRICT. 

SiK, — On  reading  Mr.  J.  Clifton  Ward's  paper  on  the  above  sub- 
ject, in  the  last  number  of  the  Quarterly  Joum.  of  the  Qeol.  Society, 
I  find  that  he  has  been  led  by  an  independent  series  of  observations 
to  corroborate  several  statements  and  opinions  I  have  from  time  to 
time  advanced  in  the  pages  of  the  Geological  Magazine.  But  as 
Mr.  Ward  does  not  refer  to  what  others  have  done  before  him  in  the 
Lake  District,  would  you  allow  me  to  direct  the  attention  of  those  of 
your  readers  who  are  interested  in  the  subject  to  Vol.  VII.,  August, 
October,  and  December,  1870;  Vol.  VIII.,  February,  June,  and 
July,  1871 ;  and  Vol.  IX.,  September,  1872.  In  one  or  other  of 
these  seven  articles  several  phenomena  noticed  by  Mr.  Ward  have 
been  described;  the  results  of  observations  on  the  dispersion  of 
syenite  erratics  from  the  Buttermere  and  Ennordale  centres,  stated  ; 
the  distinction  between  mounds  of  Boulder-clay,  sand,  gravel,  and 
glacial  moraines,  discussed;  the  almost  entire  limitation  of  true 
moraines  to  the  upper  valleys,  advocated  (contrary  to  prevailing 
ideas) ;  the  transportation  of  erratics  by  floating-ice  in  various  direc- 
tions, and  often  irrespectively  of  the  drainage,  insisted  on,  etc.  In 
making  these  remarks  my  object  is  very  far  from  undervaluing  the 
great  mass  of  entirely  new  information  contained  in  Mr.  Ward's 
paper. 

D.  Mackintosh. 


*  Magister  Schmidt  had  forwarded  an  earlier  communication  than  that  referred  to 
above,  which  appeared  in  the  April  Number  of  the  Geol.  Mao.  (p,  152),  in  which  is 
also  contained  a  refutation  of  Dr.  Kunth's  views  by  Mr.  Lankester  (p.  190).  Doubt- 
leas  M.  Schmidt  has  good  grounds  for  the  opinions  he  has  expressed  concerning  the 
assumed  relationship  to  each  other  of  Pteraspis  and  Scaphaspis — as  the  dorsal  and 
ventral  shields  of  the  same  individual — and  we  shall  be  glad  to  receive  a  further 
account  of  his  researches  on  this  important  subject. — Edit.  Geol.  Mag. 


480        Obituary — Miss  E.  Came;  Oustav  Rose;  Dr.  Kaup. 


Miss  Carne. — ^We  regret  to  record  tbe  death  of  Miss  Elizabeth  Cme. 
a  native  of  West  Cornwall,  on  Sept.  7,  at  Penzauoe,  aged  56.    Sw 
was  the  daughter  of  the  late  Joseph  Came,  Esq.,  F.R.S.,  and  inheriud 
her  fuUier's  scientific  tastes  and  literary  acquirements  as  well  »  hii 
fortune.     For  years  she  was  one  of  the  most  frequent  writers  in  the 
London  Quarterly  Review,  and  has  published  several  works  which 
have  obtained  much  popularity,  although  her  dislike  of  publicity  led 
her  to  write  anonymously.     Her  works  include  "  Country  Tcwnsi'' 
"Three  Montlis*  Kest  at  Pau,"  and  '*The  Realm  of  Truth."    Mi« 
Carne  for  many  years  largely  devoted  her  time  to  the  Mineralogicd 
I^Inscum  of  the  Hoyal  Geological  Society  of  Cornwall,  at  PenianoB, 
every  specimen  in  which  she  classified  and  arranged,   bo  that  tbe 
I^lusoum  was  regarded  as  a  model  of  method.     She  was  thoroughly 
versed  in  geology  and  mineralog}%  and  contributed  many  papen  to 
tlic  Koyal  Cornwall  Geological  Society.    Her  benevolence  was  as  great 
as  her  attainments  were  rare,  and,  in  addition  to  large  benefactiooB  in 
more  ordinary  channels.  Miss  Came  lately  offered  to  build  a  new 
wing  to  the  local  mineral ogical  museum  and  furnish  it  with  the 
mineral  collection,  valued  at  £3,000,  which  her  father  had  amaeBed. 
This  project  liaving  fallen  through.  Miss  Came  resolved  to  build  i 
museum  of  her  own  at  Penzance,  and  this  is  now  approaohing  com- 
pletion.— Pall  Mall  Gazette,  September  9. 

GusTAV  Rose. — This  distinguished  Mineralogist  died  at  Berlin,  July 
loth,  in  the  76th  year  of  his  age.  In  him  Germany  and  the  world 
hiivo  lost  a  wise  and  noble  man, — conceded  by  all  to  be  the  first  in 
science  among  the  learned  men  of  Germany.  At  first  devoting  him- 
seir  to  engineering,  he  subsequently  gave  all  his  time  to  scientific 
pui-suits,  and  in  1H2S  took  up  his  residence  in  Berlin.  In  182t)  be 
became  Professor  of  Mineralogy  in  that  University,  and,  after  the 
death  of  Weiss,  Director  of  the  Royal  Mineralogical  Museum.  He 
travelled  extensively  in  Scandinaviii,  England  and  Scotland,  Italy 
and  Sicily,  Franc6  and  Austria.  In  1821)  he  made  with  Humboldt 
and  Khrenl>erg  the  famous  tour  to  the  Ural  and  Altai  ^Mountains  and 
tlio  CiiBpian  Sea,  and  beyond  to  the  borders  of  China,  a  jt)urney 
^vhich  first  made  known  the  mintTalogical  resources  of  the  extL•n^ive 
Russian  Knipire.  His  researches  on  his  native  soil  were  confintil  to 
the  Silesian  Mountains,  lie  devoted  himself  to  the  study  of  meteor- 
ites, tlioso  wondoi-ful  l)odies  which  reach  the  earth  from  t^ti-llar 
s]»ai;c.  AVith  his  keen  penetration  he  discovered  the  structure  of  irou 
nnt«'<)rites,  and  tlio  niinenil  components  of  the  stony  ones;  and 
htudied  the  striking  difTerences  between  rock-making  in  a  cosmic 
at(»ni,  and  in  the  solid  crust  of  the  earth. 

Pkof.  1)k.  Kaup. — We  regret  to  record  the  death  of  Prof.  Dr.  Kaup, 
of  Darmstadt,  a  distinguished  Zoologist  and  Palaeontologist,  whose 
name  is  well  known  in  connexion  with  the  discover}'  of  Dinothttrium. 
"We  hoi)e  to  give  a  suitable  notice  of  him  next  month. 
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On  the  Obioik  of  thi  Estuary  of  the  Fleet  in  Dobsetshibe. 

By  the  Re?.  0.  Fishsr,  F.G.S. 

R.  MANSEL-PLEYDELL'S  Memoir  on  the  Geology  of  Dorset, 
contained  in  the  last  two  Numbers  of  this  Journal  (pp.  402 
438),  refers  to  a  theory  of  the  formation  of  the  Fleet  proposed  by 
srs.  Bristow  and  Whitaker  in  18G9  (Geol.  Mao.  Vol.  VI.  p.  4;S3). 
t  the  time  of  the  appearance  of  that  paper  I  felt  that  it  was  very 
::iilt  to  conceive  how  the  small  streams  which  run  iuto  the  Fleet 
d  have  excavated  a  channel  between  the  Chesil  Beach  and  the 
,  especially  when  it  is  considered  that  their  abrading  power 
t  cease  at  the  level  of  the  Fleet  water.  A  different  explanation 
he  matter  then  presented  itself  to  me;  and  since  Mr.  Mansel- 
^dell  has  recurred  to  the  subject,  I  am  induced  to  forward  my 
3ns  upon  it  to  the  Magazine. 

here  can  be  no  doubt  that  the  formation  of  a  beach,  or  spit  of 
gle  or  sand,  depends  upon  the  set  of  the  tides,  as  goveniod  by 
configuration  of  the  coast  and  the  prevailing  winds ;  the  con- 
ins  of  depth,  and  those  for  the  supply  of  materials,  being  at  the 
9  time  favourable.  In  the  present  case  it  is  the  Isle  of  Portland 
3h  mainly  determines  the  position  and  form  of  the  Chesil 
sh.    The  land  on  the  opposite  side  of  the  Fleet  has  really  nothing 

0  with  it,  excepting  that  the  sea- bottom  shelving  from  it  furnishes 
"fleetness,"  or  shallowness,  necessary  for  the  detention  of  the 
)les.  If  this  land  were  removed,  the  Beach  would  still  remain 
re  it  is,  for  it  simply  occupies  the  position  where,  on  the  whole, 
causes  which  bring  up  the  pebbles,  and  the  causes  which  sweep 

1  away,  are  equally  balanced. 

•  land  were  to  be  placed  to  the  westward  of  the  Beach,  then,  under 
present  neighbouring  configuration,  the  destructive  agencies 
Id  exceed  the  conservative,  and  the  land  would  be  washed  away, 
the  beach  carried  forward  until  it  found  a  place  of  rest  in  its 
al  present  position.  This  is  analogous  to  what  I  believe  has 
rred.  I  look  upon  the  Fleet  as  the  eastern  half  of  a  submerged 
3y,  similar  to,  though  on  a  larger  scale  tlian,  that  one  which  now 
ks  the  Weymouth  Backwater;  its  former  western  side  having 
I  encroached  upon,  and  destroyed,  by  the  waves  of  the  West 

'  we  could  take  up  Portland,  and  plant  it  a  mile  or  so  to  the  enst- 
1  of  the  position  it  now  occupies,  I  believe  that  the  sea  would 
3tly  begin  to  advance  eastwards,  pushing  the  beach  before  it, 
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in  size,  is  one- third  less  than  Dr.  Scouler's  original  specimen  of 
P.  testudinea  (Figure  1  in  our  Plate),  obtained  by  him  ''about  a 
mile  to  the  east  of  Paisley"  {op.  eit.  p.  186).  The  same  raised 
oblique  re-curved  and  divaricating  lines  observable  in  the  (original 
specimen  of  2>.  testudinea  mark  this  smaller  example  from  East 
Kilbride ;  a  lateral  median  ridge  (seen  on  each  aide  in  Dr.  Soouler's 
specimen)  marks  the  centre  intermediate  between  the  margin  and 
the  dorsal  line  of  the  carapace. 

The  lateral  margin  of  the  carapace  along  its  posterior  half  is 
relieved  by  more  finely  and  closely  arranged  strisB  than  those  which 
mark  the  remainder  of  the  shield. 

Dimensions  of  Scouler's  (original  specimen  of  D.  testudinea  (figured 
in  our  Plate  XYI.  Fig.  1):  greatest  length  of  carapace,  from  latero- 
posterior  spine  to  frontal  border,  35  millimetres ;  length  of  dorsal 
line,  30  mm. ;  greatest  breadth  of  carapace,  30  mm. ;  length  of  caudal 
segments,  including  caudal  spine,  25  mm.;  3  caudal  spines,  each 
15  mm.  long. 

Dimensions  of  Survey  specimen  of  D.  testudinea :  greatest  length, 
22  mm. ;  greatest  breadth  of  the  half  shield,  8  mm« 

Localities, — Old  quarry  on  North  Lickprivick  Farm,  East  Kilbride, 
in  shale  above  the  Main  Limestone ;  Jock*s  bum,  above  Hallcraig 
Bridge,  about  one  mile  west  of  Carluke,  in  the  ''Lingul  a  Limestone"; 
Kirktonholm  Cement  Works,  and  the  Glebe  Quarry,  East  Kilbride, 
in  shale  above  the  Calderwood  Cement  Stone.  All  members  of 
the. Lower  Carboniferous  Limestone  Group. — Collected  by  Messrs. 
Bennie  and  Paton. 

2.  DiTHTBocAms  TBicoRjfis,  Scoulcr  (Plate  XVI.  Fig.  2,  Scouler*s 
original  specimen;  Fig.  3,  Survey  specimen). 

The  impression  and  counterpart  of  the  very  beautiful  specimen 
(Plate  XVI.  Fig.  3)  which  we  have  refeiTed  to  this  species  was 
obtained  by  Mr.  J.  Bennie  from  the  shale  above  the  Calderwood 
Cement-stone,  Carboniferous  Limestone  series,  East  Kilbride. 

It  is  of  the  utmost  importance,  as  it  affords  us  an  entirely  new 
interpretation  of  Scouler's  Z>.  trieornis  (Plate  XVI.  Fig.  2),  as  well 
as  the  means  of  fully  describing  its  characters,  which,  from  the 
decorticated  condition  of  the  original  specimen,  was  hardly  possible. 

General  Portlock,  in  his  grand  work,  "Geological  Report  on 
Londonderry,**  etc.,  1843,  acutely  observes  (p.  313)  concerning 
Argas  (Dithyrocaris)  trieornis,  that  "in  all  probability  it  depends 
on  an  illusive  appearance  produced  by  the  overlapping  of  the  crusts 
of  different  individuals.*'  This,  however,  is  not  the  true  explanation 
of  its  anomalous  specific  character.  •  The  three  spines  truly  belong 
to  the  carapace,  but  the  so-called  "anterior  border"  of  Scouler 
(Fig.  2  p)  is  really  the  posterior  margin,  the  abdominal  seg- 
ments and  tail-spines  (c)  having  become  displaced  during  the 
decomposition  of  the  softer  parts  of  the  animal,  so  as  to  protrude 
from  the  anterior  extremity  of  the  carapace.  This  is  a  common 
occurrence  with  the  specimens  of  Ceratiocaris  papilio  from  the 
U.  Silurian  of  Lesmahagow,  Lanarkshire  (as  shown  by  H-  Wood- 


484  Woodward  and  Etheridge — On  DithyrocarU. 

ward^),  and  led  the  late  Mr.  J.  W.  Salter  to  fall  into  preciflely  the 
same  error  in  first  describing  it 

Upon  the  aooompanying  Plate  XYL  (Fig.  2),  we  figure  SoouWi 
original  specimen  by  the  side  of  that  just  obtained  (Fig.  3),  a  refe^ 
ence  to  which  will  best  explain  the  manner  in  which  the  carapicft 
has  been  folded  and  crumpled  together,  and  the  abdominal  segraenti 
displaced. 

llie  following  is  extracted  from  Dr.  Scouler^s  original  description 
of  Dithyroearia  (Argae)  tricomis  : — 

''  The  shell  is  elliptical  but  truncated  anteriorly,'  and  much  more 
depressed  than  in  the  preceding  species,  and  a  single  ridge  runs  in 
the  direction  of  the  middle  line.  At  the  anterior '  extremity  of  the 
shell  there  are  three  acute  triangular  processes,  one  at  each  angle  of 
the  shell,  the  one  internal,  separating  the  margin  or  thin  portion 
from  the  rest  of  the  shell,  and  the  other  line  external,  dividing  the 
margin  into  two  distinct  parts.  The  posterior^  extremity  of  the 
shell  is  very  indistinct,  and  the  number  of  joints  in  the  tail  could 
not  be  ascertained."  He  adds  : — ^'  This  specimen,  as  will  be  seen 
by  an  inspection  of  the  figure,  is  greatly  distorted,  the  shell  has  been 
curved,  the  tail  or  abdomen  almost  separated  from  the  body.  The 
species  is,  however,  completely  distinct  from  the  preceding.  The 
three  processes  at  the  anterior '  extremity  of  the  shell,  the  single 
ridge  running  along  its  middle,  are  sufficient  to  distinguish  it" 
{op,  cit  p.  1«38.) 

The  following  measurements  are  taken  from  Dr.  Scouler'a  speci- 
men (not  copied  from  his  description,  wliich  gives  them  rather  in- 
accurately). The  carapace  measures  3^  inches=^80  mm. ;  breadth 
of  carapace,  1^  inche8=38  mm. ;  length  of  caudal  segment,  1  iuch= 
25  mm. ;  breadth,  15  mm. ;  length  of  longest  tail-spine,  40  mm. 
From  an  examination  of  Dr.  Scouler's  original  specimen  bv  one  of 
us  (H.  Woodward),  the  impressions  of  the  maxillie  (see  Plate  X\l. 
Fig.  2  g)  near  the  anterior  extremity  of  the  carapace  have  clearly 
been  made  out 

The  projectmg  portion  at  the  anterior  extremity  (see  Fig.  2  a)  ia 
no  doubt  a  part  of  the  folded  margin  of  the  shield.  Three  segments 
are  observable  in  the  abdominal  or  caudal  series  (c). 

As  before  stated,  Dr.  Scouler's  specimen  has  been  completely 
decorticated,  and  being  in  a  harder  and  more  compact  matrix,  has 
undergone  a  greater  amount  of  mineral  change  than  the  specimen 
obtained  by  Mr.  Benuie. 

This  example  (Fig.  3)  presents  us  with  an  almost  perfect  dorsal 
aspect  of  the  carapace  fully  spread  out  upon  the  shaly  matrix,  and 
still  retaining  the  delicate  and  pcenliar  ornamentation  of  the  surface 
(see  Plate  XVI.  Fig.  3). 

The  carapace  is  less  rounded  than  in  the  preceding  species  (D. 
testudinea)  ;    the   outline   of  the  lateral  margins   is   elliptical,  the 

*  Sec  Murchi8on*8  ^'Siluria,"  4th  edition.  1867.  p.  236,  fig.  66,  aud  footnote.    Set 
*l5o  Gkol.  Mao.,  1865,  Vol.  II.  p  401,  Tl.  XI.  Fig.  1. 
'  For  "anterior"  read  pogUrior, 
'  For  **  posterior"  read  antfrtor. 
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latero-anterior  angles  are  nmnded,  the  front  border  only  sligliilj 
depressed  near  the  centre;^  the  posterior  angles  carve  slightly 
inwards,  and  are  then  produced  into  two  pointed  spines  (10  mm.  in 
length),  one  at  eadi  angle ;  the  hinder  border  is  truncated,  and  was 
doubtless  furnished  with  a  median  spine,  as  seen  in  Scouler's  original 
specimen.  Fig.  2j>,  bat  it  is  not  preserved  in  this  example. 

The  general  surface  c^  the  carapace  is  marked  by  minute  angular 
plicse.  The  dorsal  ridge  extends  from  the  posterior  border  for  three- 
fourths  of  the  length  of  the  carapace,  and  is  marked  by  numerous 
small  but  elevated  transverse  wrinkles. 

Two  ridges  similar  in  ornamentation  to  the  dorsal  ridge  arise 
about  4  mm.  distant  on  either  side  of  the  median  line,  for  one-third 
of  their  course ;  passing  from  near  the  frontal  border,  where  they  are 
more  strongly  marked,  they  continue  in  a  sinuous  line  towards  the 
posterior  margin  of  the  carapace,  and  are  only  faintly  seen  for  the 
remaining  two-thirds  of  their  length. 

Two  medio-lateral  ridges,  distant  about  15  mm.  from  the  dorsal 
ridge,  traverse  the  carapace  on  either  side,  forming  two  very  promi- 
nent and  strongly  marked  lat^al  keels,  which  stand  out  in  bold 
relief  4  mm.  above  the  general  surface  of  the  shield,  and  are  orna- 
mented with  similar  transverse  wrinkles.  Two  short  and  curved 
ridges  (Pig.  3«),  also  ornamented  by  transverse  wrinkles,  10  mm.  in 
length,  mark  the  summits  of  two  well-defined  rounded  prominences, 
situated  on  either  side  within  the  frontal  border  of  the  carapace, 
10  mm.  from  the  dorsal  line.  Each  ridge  resembles  in  curve  a  long 
/,  being  rounded  and  deeply  circumscribed  at  its  posterior  extremity, 
which  is  marked  on  the  summit  by  a  minute  transverse  reniform 
depression  1  mm.  long.  These  short  ridges  (Fig.  3 «)  doubtless 
serve  internally  as  points  d'appui  for  the  attachment  of  the  maxillary 
muscles. 

The  external  border  is  in  great  part  removed,  displaying  the  finely 
striated  ventral  margin;  but  where  it  is  preserved,  it  exhibits  the 
same  oblique  striation  described  by  M'Coy  as  ornamenting  the 
border  of  his  D.  Scouleri^  The  margin  is  well  defined,  and  about 
two  mm.  in  breath. 

There  is  evidence  upon  both  the  specimen  and  counterpart  that 
the  integument  composing  the  lateral  margins  of  the  carapace  was 
double,  as  in  the  shield  of  recent  Apus,  LimtduSf  and  other  Crustacea ; 
the  infolded  border  being  10  mm.  wide  near  the  middle  of  the 
margin,  and  very  delicately  striated  upon  its  surface.  (A  minute 
specimen  perhaps  belonging  to  this  species  (2>.  iricornis),  15  mm.  in 
length,  and  10  mm.  in  breadth,  exhibits  the  same  infolding  of  the 
lateral  margins  as  the  large  example  displays.) 

There  are  remains  of  three  caudal  or  abdominal  segments,  and 
parts  of  the  tail-spines,  the  former  ornamented  with  transversely 
divaricating  raised  lines,  the  latter  with  longitudinal  striae.    Length, 

'  Not  deeply  emarginated,  as  in  D.  Scotderiy  M*Coy. 

^  M'Coy,  Carb.  Foss.  Ireland,  p.  163,  pi.  xiiii.  fig.  2.  There  seems  no  rea^n  to 
doabt  that  tliia  species  is  synonymous  with  D,  testudinettSy  with  which  it  should  now 
be  merged. 


486        G.  H.  Kinahan —  Water  Basin  of  Laugh  Derg. 

85  mm. ;  breadth,  16  mm. ;  greatest  breadth  of  oarapace,  65  mm.: 
length  along  dorsal  Ime,  55  mm. ;  from  front  border  to  tip  of  latenl 
spine,  65  mm. 

Locality, — ^Kirktonholm  Cement  Works,  E.  Kilbride,  in  shale  over 
the  Calderwood  Cement  Stone;  Lower  Carboniferous  Limestuoe 
Group.     Collected  by  Mr.  J.  Bennie. 

{To  he  continued.) 

EXPLANATION    OF    PLATE    XVI. 
[All  thejigurt*  on  this  PUUe  are  of  the  natttrml  «fzr.] 
Fio.  1. — DithyrocarU  tettudiNea,  Scouler.     Carboniferous  Limestone  series,  eaitdl 

Paisley. 
Fui.    2. — LithyrocarU  triearnis,  Scouler.     Carboniferous  Limestone   Series  near 
Glasgow. 
In  this  specimen  the  eaudal  segment  {e)  and  tail-spines  haTe  been  di.<place(L 

and  are  seen  protrudinj;  from  the  latero-anterior  border  of  the  caropscc. 
The  two  maxilla;  arc  plainly  to  be  discerned  at  {yj ;  they  agree  in  font 
precisely  with  those  already  figured  and  described  by  H.  Woodward  (« 
Geol.  *Mao.,  1865,  Vol. 'II.  p.  401,  Plate  XL);  they  bare  also  been 
figured  in  Portlock's  Geological  Report  on  Londonderry  (pi.  xii.  fis:.  61. 
The  carapace  in  this  specimen  has  been  folded  toother,  the  under  pcvtwo 
protruding  from  the  anterior  end  at  (a),  t^e  median  spine  of  the  posterior 
Dordcr  is  seen  at  (p),  and  the  two  spines  marking  the  latero-postvrior 
angles  arc  thus  brought  closely  together. 
Figs.  1  and  2  are  drawn  from  Dr.  Scouler*s  original  type  specimens,  lent 
to  H.  Woodward  for  examination  by  the  Trustees  of  the  Andersoniin 
Museum,  Glasgow. 
Fio.  3. — A  nearly  perfect  carapace  of  B.  trteontis,  lyin^  spread  out  upon  the  matrii, 
so  as  to  display  the  normal  outline  of  the  shield ;  the  caudal  segmentf  [r 
are  dotachud,  but  lie  noar  to  the  posterior  border  (p).     Lower  CarUi- 
iferous  series,  East  Kilbride.     Coll.  Geol.  Survey  Scotland,  Edinbur^t. 


III. — ^TiiE  Water  Basin  of  Lough  Derg,  Ireland. 

By  G.  Henry  Kinahan,  M.K.I. A.,  etc. 

(PLATE  XVII.) 

SOME  time  since,  I  read  before  the  Geological  Society  of  Glasgow 
a  paper  on  "  The  Valley  of  Loch  Lomond."  and  pointed  out 
that  the  deeps  and  sliallows  corres]»onded  with  the  faults  and  breaks 
in  tlie  adjoining  country.  This  paper  was  quoted  by  His  Grace  the 
Duke  of  Argyll,  President  of  the  London  Geological  Societ}'.  in 
opposition  to  the  view  (so  ably  advocated  by  Professor  Ramsay)  tkit 
ice  has  been  the  principal,  if  not  the  only,  agent  engaged  in  the 
formation  of  such  hollows. 

It  was  suggested  that  my  obsei-vations  in  this  case  may  have  been 
hastily  made ;  })ut  tlie  valley  of  Loch  Lomond  is  not  the  only  water 
ba.sin  that  I  have  examined  witli  the  help  of  the  Admiralty  Charts. 
I  have  carefully  contoured  the  chart  of  Loch  Fyno,  also  in  Scotland: 
wliile  in  Ireland  I  have  contoured  those  of  Loughs  Mask,  Corrib 
and  I)ei^;  also  the  chart  of  the  fjord  called  Killery  Harbour,  Cos. 
Galway  and  Mayo,  witli  those  of  Cork  Harbour,  and  of  the  archi- 
pelago between  Crookhaven  and  Roaring-water  Bay,  Co.  Cork.  lu 
all  of  these  I  lind  a  remarkable  coincidence  between  the  lines  of 
faults  or  breaks  and  the  deep  soundings ;  while  m^'  colleague,  E.  T. 
Hardman,  F.R.G.S.I.,  finds  a  similar  connexion  between  the  fault.s 
and  deeps  in  the  basin  of  Lough  Neagh,  and  Mr.  John  Ball,  F.R.S., 
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las  shown  (Geol.  Mag.,  1871,  Vol.  VIII.  p.  869,  PI.  X.)  that 
leither  water  nor  ice  alone  could  have  formed  the  bed  of  the  Lake 
>f  Como.  In  this  paper  I  pi-opose  to  describe  the  form  of  the  water 
>a8in  of  Lough  Derg,  with  the  features  of  the  principal  portions  of 
she  adjoining  country,  and  to  put  forward  suggestions  as  to  how  the 
IpLke  basin  could  have  been  formed. 

Country  about  Lough  Debg. 

Liough  Derg  is  one  of  the  large  sheets  of  water  through  which 
:he  River  Shannon  flows.  Formerly  its  dimensions  must  have  been 
x>nsiderably  larger ;  now,  however,  they  are  curtaj^ed  in  places  by 
icx^umulations  of  alluvium  and  bog,  especially  towards  the  north- 
east. The  larger  division  of  the  lake  basin,  extending  from  its 
aorthem  extremity  at  Portumna  to  the  long  east  and  west  reach 
between  Youghal  and  Scarriff  bays,  is  in  Carboniferous  Limestone ;' 
while  a  smaller  division,  forming  the  south-west  arm  of  the  lake 
near  Killaloe,  is  in  slates  and  grits  of  Silurian  age.  The  country 
on  the  east  of  the  larger  division  cannot  be  satisfactorily  investi- 
gated, as  the  rocks  are  all  so  similar,  and  in  places  so  obscured  by 
drift  or  bog,  that  it  is  nearly  impossible  to  prove  faults  ;  however,  it 
is  evident  that  every  bay  or  creek  at  the  eastern  side  of  the  lake 
lies  on  a  line  of  break.  Youghal  Bay,  farther  south,  is  known  to 
occupy  a  line  of  fault,  while  in  the  country  on  the  west  of  the  lake 
various  large  faults  were  proved  while  working  the  geology.  On 
this  side  of  the  Shannon  are  two  groups  of  hills,  called  respectively 
Slieve  Bernagh  and  Slieve  Aughta.  The  northern  portion  of  the 
first  lies  west  of  the  smaller  division,  on  the  south-west  arm  of 
Lough  Derg,  and  the  latter  lies  west  of  the  larger  division,  the  two 
groups  being  separated  from  one  another  by  the  Scarriflf  Valley. 

In  the  northern  portion  of  Slieve  Bernagh  no  great  faults  can  be 
positively  proved,  although  it  is  probable  there  are  at  least  two ;  but 
in  connexion  with  Slieve  Aughta  six  nearly  east  and  west  faults 
have  been  proved  by  the  Government  Survey,  each  associated  with 
a  valley  or  marked  feature.  They  may  be  called,  beginning  towards 
the  south,  Ist.  The  Scarriff  valley  north  faulty  2nd.  The  Cloonnagro 
and  Corra  valley  faulty  3rd.  The  Lough  Atorick  valley  fauLi,  4th.  The 
Derrybrian  valley  fault,  5th.  The  Oujennaglanna  a^d  Boleyneendorriah 
valley  faulty  and  6th.  The  Dalystown  river  valley  fault.  These  faults, 
from  1  to  4  inclusive,  are  downthrows  to  the  southward,  while 
numbers  5  and  6  have  downthrows  to  the  northward.  All  of  them 
are  of  Post- Carboniferous  age,  and  they,  as  well  as  others  farther 
south,  probably  belong  to  one  system,  and  were  formed  simul- 
taneously. The  relations  between  them  and  the  features  of  the 
ground  were  carefully  studied  during  the  progress  of  the  Geological 
Survey,  as  will  appear  from  the  following  epitome  of  the  description 
in  the  Survey  Memoirs. 

In  Slieve  Aughta  there  is  only  one  large  north  and  south  valley, 
that  of  Lough  Graney ;  but  the  east  and  west  valleys  are  numerous, 
and  lines  of  faults  have  been  proved  in  each.  These  latter  valleys 
can  be  traced  across  the  mountains  from  the  limestone  country  on 
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L.-jj  i  :  .  C  r>-»  iJr:  :::-.    in:  fr-in  W     l:>rJ  :o  L:ujh  Derg:  but 

KrV.vi.n  >■  riri  iT- 1  W   :  :f.rl  it  wis  not  .i5>?rtaine'l.  as  the  country 

is  r ,\Kr':\  w;::j  .-vrv,    iri:":  -»n  :  l-rir.     At  Oorlea  the  CLirl>:»Dif*en:>iis 

Li!;:-:-*,.ri?  is  j.r.Ti^:,'  d  ' vn  iz'iin?:  the  Silurian  rocks:  near '\V-»d- 

fori,  r.'.'.-  ii-:j->i:  ijvs  an  1  sin  l<r;-n'.^  are  thrown  against  one  another: 

whilv  hn  til-.-  hh'.r?  -a  L  n::b  Deri:  the  unst  rati  fie. 1  portion  of  the 

iOWfrr  Li:n  t;:  .:i-  is  ].r..;i^'!it  .bwn  a^'.iinst  the  stratifie-l  part.     Fn.»m 

Ojriea  t'»  Carhv<-ny  the  fault  is  well  mirkel.  an-i  divided  into  two 

branr.'li'^-s  on  the  west  of  tlie  village  of  L  innaght.     A  branch  also 

app«.f;ir.-  to  rjin  eastward  fr-»ni  Luugh  Atorick;  this,  however,  could 

not  be  proved. 
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A  fonrtli  valley  extends  from  Lough  Cooter  along  the  Owendal- 
nlleegh  to  Marble  Hill,  a  well-marked  fault  having  been  traced 
nearly  the  entire  distance.  The  fault  has  iti^  greatest  throw  in  the 
Derrybrian  valley,  immediately  south  of  the  hamlet  called  Derry- 
laur,  eight  miles  east  of  Gort ;  but  at  Chevy-chase  the  throw  is  also 
considerable,  as  there  the  limestone  is  now  in  juxtaposition  with  the 
Silurians  or  the  basal  conglomerate  of  the  Old  Bed  Sandstone. 

A  fifth  valley  extends  across  Slieve  Aughta,  a  little  north  of  the 
snmmit  of  Cashlaundrumlahan,  in  connexion  with  which  there  is 
also  a  fault,  as  we  find  in  the  Owennaglanna  valley  Lower  Limestone 
shales,  whose  south  outcrop  could  not  anywhere  be  found.  These 
rocks  are  probably  bounded  on  the  south  by  a  fault,  as  farther  west 
in  the  Boleyneendorrish  river- valley  there  is  another  outlier  of  Lower 
Limestone  shale,  which  has  been  proved  to  be  bounded  on  the  south 
by  a  fault ;  but  as  the  country  on  the  south  of  the  Owennaglanna  is 
so  covered  by  deep  drift  and  bog,  no  positive  proofs  of  a  fault  can  there 
be  obtained. 

Another  fault  in  connexion  with  a  valley  in  Slieve  Aughta  was 
proved  across  the  low  coimtry  N.E.  of  Dalystown,  and  in  the  eastern 
part  of  the  Dalystown  river-valley.  A  little  on  the  north  of  the 
village  of  Tynagh,  this  fault  brings  up  a  small  tract  of  Old  Red 
Sandstone.  It  has  been  proved  towards  the  north-east  as  far  as 
Heamsbrook,  and  S.W.  into  the  Dalystown  river  valley.* 

LouoH  Derg. 

Lakes  in  a  Carboniferous  Limestone  country  are  usually  very 
irregular  in  outline,  and,  at  first  sight,  it  might  be  supposed  that 
there  was  no  connexion  between  their  shapes  and  the  structure  of  the 
subjacent  rocks.  On  examination,  however,  it  is  generally  apparent 
that  the  bays  and  all  wide  stretches  across  the  basins  conform  with 
the  strike  of  lines  of  breaks  or  displacements  in  the  adjoining 
country,  while  the  minor  features  of  the  coast  lines  are  due  to  the 
weathering  along  minor  breaks,  joint  systems,  or  lines  of  bedding, 
more  generally  one  or  other  of  the  first  two ;  the  basin  of  Lough 
Derg  prominently  illustrates  those  facts. 

On  examining  the  chart  of  Lough  Derg,*  it  is  evident  that  by  a 
few  displacements  the  lake  basin  might  again  be  made  to  occupy  a 
nearly  N.N.E.  and  S.S.W.  valley;  also  that  each  displacement  that  has 
shifted  the  primary  valley  out  of  this  bearing  coincides  more  or  less 
closely  with  the  strike  of  the  valleys  and  faults  in  Slieve  Bernagh 
and  Slieve  Aughta.  {See  Sketch  Map,  PI.  XVII.,  compiled  from  the 
Ordnance  and  Admiralty  Maps.)  This  will  be  apparent  from  the 
following  general  description.  Beginning  at  the  soutli,  the  bearing 
of  the  lake  from  Killaloe  to  Rinnaman  Poiut  is  nearly  N.  and 
S. ;  here  a  change  occurs,  but  no  fault  has  been  proved  in  connexion 
with  it.  North  of  Rinnaman  Point,  the  deeps  for  four  miles  extend 
S.S.W.  and  N.N.E.,  where  they  are  probably  crossed  by  a  fault  which 
changes  their  bearing.    This  fault  is  not  marked  on  the  Government 

>  Memoirs  and  Maps,  Geological  Survey,  Sheets  115,  116, 124,  and  125. 
s  Admiralty  Chart,  No.  1552,  Lough  Derg,  Ireland. 
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Map,  because,  as  previously  stated,  it  could  not  be  positively  proved; 
but  that  it  does  exist  seems  probiible,  on  account  of  tbe  position  of 
the  Old  lied  Sandstone  in  tbe  hill  N.E.  of  the  Corragoe  Valley. 
North  of  this  supposed  fault  the  deeps  run  nearly  X.  and  S.,  till 
tliey   unite  with  the  deeps  of  the  previously-mentioned  e-ist  and 
west  reach  that  forms  part  of  the  lake  between  Scarriff  and  Yougbal 
Bays.     This  loug  reach  lies  in  the  eastern  continuation  of  the  Car- 
boniferous  Limestone  valley   that  separates  Slieve    Beraagfa  from 
Slieve  Auglita,  and  the  limestone   seems  to  be   brought  into  its 
present  position  not  only  by  a  synclinal  curve,  but  also  by  faults. 
On  the  north  of  the  valley,  a  large  fault  with  a  downthrow  tu  tbe 
southward  (the  Scarriflf  valley  north  fault),  is  quite  apparent;  while 
on  the  south  of  the  valley  one  or  two  lines  of  breaks  or  faults 
appear  to  exist     Within  the  valley  itself  they  could  not  be  jwai- 
tively  proved,  on  account  of  the  great  accumulation  of  drift  and  bog 
at  the  base  of  the  north  slopes  of  Sliove  Bemagh,  but  farther  east 
in  the  low  country,  one  of  these,  with  a  downthrow  to  the  north,  is 
conspicuous,  and  in  it^s  strike  are  found  the  principal  deeps  iu  the 
long  east  and  west  reach  of  Lough  Derg.     At  this  reach  the  lake 
basin  extends  eastward  over  three  miles,'  but  north  of  the  entrance 
into  Yonghal  Bay,  the  deeps  extend  N.N.E.  to  a  little  south  of  Illaun- 
more,  where  they  are  crossed  by  the  strike  of  tbe  Scarriff  valley 
north  fault.    Immediately  north  of  this  strike  the  deeps  bear  N.  and 
S.,  but  farther  north,  east  of  Goose  Bay,  the  great  deeps  (over  TOfevt; 
terminate  at  the  place  where  the  lake  basin  is  crossed  by  a  line  in 
the  strike  of  the  Cloonuagro  and  Corra  valley  fault.     To  the  north- 
eastward of  Cooso  Bay,  the  trough  of  the   lake  basin  runs  nearly 
N.E.  and  S.W.  to  off  l3romiuagh  Point,  where  the  strike  of  the  fault, 
8upjH>sed  to  run  nearly  E.  and  W.  from  near  Lough  Atorick,  crosses 
it.    This  fault  also  is  not  marked  on  the  Government  Maps,  as  it  was 
not  pofeiitively  i)roverl ;    but  that  it  does  exist  seems  suggested  by 
the  sudilon  jump  in  the  direction  of  the  associated  rocks  and  the 
large  springs  along  its  line.     Still  farther  northward,  an  east  and 
west  reach  extends  between  Cloondavaun  and  TerrA'glass  Ba^'S  in  the 
line  of  the  strike  of  the  fault  proved  at  Woodford  (Lough  Atorick 
valley  fault).     North  of  Terryglass  Bay  the  lake  basin  originally 
extended  much  further  in  a  general  N.N.E.  direction,  and  its  rela- 
tions to  tlie  c»ther  faults  mentioned  in  connexion  with  Slieve  Aughta 
could  ]m»  pointed  out ;  as,  howuver,  this  part  is  now  silted  up,  it  m;w 
be  jKissed  over.     "We  have  now  mentioned  the  principal  breaks  that 
have  api)arently  shifted  and  changed  the  primary  valley,  all  of  which 
are  Post-Cdrhonl/trous  and  probably  Frc-Cladal ;  there  are,  however, 
others  of  a   minor  rank,  many   of  which  seem  to  be  Post-Glacial. 
whii'h  have  more  or  less  affected  the  outline  of  the  lake,    lliey  must, 
however,  ho  passed  over;  for  as  yet  the  Tost-Glacial  faults  have  had 
very  little  attention  paid  to  them. 

Lough  Derg  is  one  of  the  natural  reservoirs  on  the  Shannon,  and 

»  This  oast  and  west  valley  might  possibly  shift  the  N.E.  and  S.W.  valley  about  ihnv 
miles  towards  the  la.slward;  l»ut  it  is  nioru  probable  that  this  .second  nearly  north  and 
bouth  portion  of  the  lake  l>iLxin  was  excavated  along  u  ucarlv  paraUul  fault  line  to 
thui  along  which  the  first  portiou  w^  foruied. 
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during  floods  its  waters  are  muddy,  while  at  other  times  there  is  a 
ffreat  evaporation  from  its  large  expanse  of  surface;  consequently 
large  depositions  of  mud  and  marl  are  contiuually  taking  place : 
therefore  the  nature  of  the  original  bottom  of  the  lake-basin  cannot 
be  learned  from  the  soundings ;  but  we  do  learn  that  all  the  deeps 
are  in  the  lines  of  the  different  longitudinal  or  transverse  breaks,  or 
at  the  janotion  or  crossing  of  two  or  more ;  while  most,  if  not  all,  of 
the  islands,  rocks,  shoals,  or  shallows,  are  on  the  upthrow  sides  of 
the  different  faults.  The  latter  fact  is  very  apparent,  except  in  the 
long  reach  between  Scarriff  and  Youghal  Bays,  as  the  existence  of 
the  faults  to  the  south  of  the  Scarriff  valley  have  not  as  yet  been 
proved.  If,  however,  as  is  highly  probable,  the  previously-men- 
tioned fault  in  the  plain  on  the  west  of  that  valley  extends  tiirough 
it  and  into  the  long  reach,  all  the  deeps  in  that  part  of  the  lake- 
basin  are  on  the  downthrow  side  of  this  fault.  In  concluding  this 
portion  of  the  paper  it  may  be  observed,  that  if  faults  or  breaks 
have  no  connexion  with  the  formation  of  lake-basins,  it  appears 
remarkable  that  in  this  basin  all  the  changes  in  the  bearings  of 
the  different  lines  of  deeps  should  be  connected  with  the  strikes  of 
the  different  faults  in  Slieve  Bemagh  and  Slieve  Aughta,  and  that 
the  islands,  rocks,  and  shallows  should  be  on  the  uptlirow  sides  of 
these  lines  of  faults. 

Supposed  Formation  of  the  Lake-Basin. 

We  have  now  only  to  offer  suggestions  as  to  how  the  "  rock 
basin"  of  Lough  Derg  was  excavated;  for  although  its  water  is  now 
in  most  places  margined  with  drift  or  alluvium,  yet  the  probability 
is  ttat  it  was  originally  almost,  if  not  entirely,  surrounded  by  rocks. 

The  faults  and  breaks  were  probably  developed  at  such  times  as  the 
land  was  rising  from  under  water,  in  which  case  the  sea  must  have 
been  the  first  excavator,  marking  out  along  those  faults  and  breaks 
valleys  and  ravines,  which  were  afterwards  occupied  by  rivers  and 
ice ;  for  when  the  sea  retired,  these  other  denudants  must  have  accom- 
plished more  or  less  work.  It  has  been  pointed  out  by  Prof.  J.  8. 
Newberry,  M.D.,'  in  relation  to  some  of  the  largo  North  American 
lakes,  that  the  original  surface  outlets  from  them  have  been  ap- 
parently obliterated  by  large  accumulations  of  drift,  and  thereby  the 
waters  have  been  forced  to  find  other  outlets ;  and  this  probably  may 
also  have  been  the  case  in  regard  to  the  basin  of  Lough  Derg,  as  the 
valley  extending  from  Youghal  Bay  round  the  hills  called  Slieve 
Arra.  and  down  the  Kilmastulla  River  to  the  Sliannou,  a  few  miles 
south  of  Killaloe,  is  now  occupied  by  a  deep  accumulation  of  drift. 
Tliis  drift,  which  is  principally  gravel  and  sand,  apparently  of 
the  "Esker  sea  period"  may  be  of  sufficient  depth  to  fill  a  valley 
whose  original  trough  corresponded  with  the  height  of  the  rocky 
barrier  that  forms  the  rapids  and  falls  of  Doonass,  in  the  neigh- 
bourhood of  Castleconnel ;  and  if  sucli  a  valley  ever  existed,  either 
marine  action  or  meteoric  abrasion  would  have  been  capable  of  ex- 
cavating tiie  basin  of  Lougli  Derg  to  a  depth  of  about  sixty  feet 

*  **  On  the  Surface-Geolo/j^  of  the  Basin  of  the  Great  Lakes,  and  the  Valley  of  the 
Miaaisaippi,"  by  Prof.  NewUrn',  M.D.,  U.S.  Geolojrist  Ann.  Lyeeom  Nat  Hist, 
New  York,  1869,  vol.  Lx.     Scb'Geol.  Mag.,  1870,  Vol.  VU.  ^.  111, 
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below  the  present  surface  of  the  water.  Such  a  passage  would  1r 
able  to  drain  all  the  upper  part  of  tlie  lake  basin,  except  four  EmaB 
deeps :  one  northward  of  Illaunmore,  one  immediately  west  of  tint 
island,  and  two  to  the  S.S.W.  of  it;  but  it  would  be  incapiblt 
of  draining  a  portion  of  the  long  east  and  west  reach  and  a  long 
narrow  tract  in  the  south-west  arm  of  the  lake,  they  being  otv 
sixty  feet  in  depth,  while  in  places  they  are  over  100  feet;  one 
spot  which  is  situated  in  the  former,  a  Httle  on  the  north-east  of 
Parker's  Point,  being  119  feet  deep. 

In  the  paper  on  "  Soundings  in  the  Lake  of  Como,"  referred  to  ia 
the  introduction,  Mr.  Boll  has  pointed  out  as  to  a  lake  basin,  "  sop- 
posing  the  rocks  on  either  side  to  be  of  equal  hardness,  and  similarlj 
stratified,  it  is  safe  to  affirm  that  if  they  had  been  hollowed  out  bj 
glacial  action,  or  by  aqueous  erosion,  the  slope  would  be  steepest  on 
the  concave  side  of  the  bond  in  those  parts  of  the  lake  where  tlie 
glacier  stream  was  turned  aside  from  its  previous  direction."  Mr. 
Ball  has  shown  that  this  is  not  the  case  in  the  basin  of  the  Lake  of 
Como;  neither  is  it  the  case  in  the  Lough  Derg  basin ;  as  at  all  such 
bends  the  slopes  are  steepest  at  the  convex  side  of  the  bends,  while 
the  deepest  part  of  each  cross-section  is  nearest  to  the  same  side. 
If,  however,  the  rocks  were  broken  up  in  lines  by  breaks  and  fsultB, 
ice  would  act  along  such  lines  and  lift  up  and  carry  away  rw^ 
excavating  some  places,  where  the  rocks  were  broken,  much  more 
deeply  than  either  marine  action  or  ordinary  meteorio  abiasi(m 
could  do.*  Such  deeps  would  be  nearest  to  the  convex  sides  of  the 
bends,  as  the  natural  action  of  the  ice  would  excavate  away  the 
higlier  rocks  in  the  section  more  toward  the  concave  than  towarcT  the 
convex  side. 

Ice,  however,  could  scarcely  excavate  or  gouge  out  the  sudden 
deep  holes  that  occur  in  so  many  lake-basins;  to  which  I  would 
add,  that  after  carefully  contouring  and  examining  the  Charts  of  the 
lakes  and  bays  mentioned  in  the  introduction,  I  am  convinced  that  the 
sudden  deep  holes  could  not  have  l>een  excavated  by  the  sea,  ice,  or 
ordinary  nicteoric  abrasion ;  but  as  all  of  them  seem  to  occur  on  breaks, 
or  at  the  junction  of  two  or  more  dislocations,  it  appears  inei'itable 
that  tlioy  are  due,  at  least  in  part,  to  fissures  formed  by  the  contrac- 
tion and  displacement  of  the  rocks ;  while  subsequently  most,  if  not 
all  of  them,  may  have  ])oen  connected  -with  subterranean  streams, 
which  at  diffttrent  times  drained,  or  helped  to  drain,  the  lake-basins. 
Ice,  when  it  first  forms  on  a  country,  will  be  more  or  less  full  of 
foreign  matter,  viz.  the  broken  rocks  and  other  detritus  that  occur 
at  the  surface;  after  a  time,  however,  all  these  will  be  c-arried  away; 
so  that  if  tlie  Lough  Derg  Ixisin  had  been  for  ages  occupied  by  ice, 
most,  if  not  all,  of  the  loose  j)ortions  would  have  been  removed  out  of 
it,  leaving  the  ice,  prior  to  its  fmal  disappearance,  comparatively 
speaking,  pure,  and  without  any  rock  detritus  in  it,  to  incumber  the 
lake  basin ;  therefore,  none  of  tlio  deeps  in  it  could  have  been  filled 

'The  Hcv.  M.  H.  Close  is  of  opinion  that  **  there  ncTer  was  *a  glacier*  in  the 
basin  of  Lou^h  Derg.  That  basin,  however,  was  no  doubt  swept  bj  a  flow  of  the 
general  ice-covering  of  the  country." 
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with  drift.  At  the  present  time,  the  deepest  spot  in  Lough  Derg  is 
only  eleven  feet  below  the  low-water  of  ordinary  spring-tides  at 
Limerick ;  bat  as  the  level  of  the  lake  is  108  feet  higher,  there  would 
even  now  be  an  underground  drainage  if  any  of  these  holes  are  con- 
nected with  subterranean  passages.  During  the  Glacial  Period,  if 
the  land  was  higher  than  at  present,  the  water  would  find  vents 
through  such  passages,  denuding  away  their  walls  and  enlarging  the 
deeps  from  which  it  flowed.  After  the  Glacial  Period  water  would 
«till  flow  through  them,  until  eventually  the  land  sank  so  low  that 
they  were  incapable  of  acting ;  or  even  previous  to  this,  they  might 
be  choked  by  successive  depositions  of  mud  and  marl.  Even  now 
there  are  reasons  for  supposing  that  some  such  passages  may  exist 
out  of  Lough  Derg,  as  in  the  summer  less  water  leaves  the  lake  at 
KiUaloe  than  flows  into  it  by  the  main  river  at  Portumna  and  from 
the  numerous  other  smaller  feeders ;  part  of  this  deficit  is  certainly 
dae  to  evaporation,  but  the  whole  of  it  could  scarcely  be  thus 
aooounted  for. 

Many  of  the  Irish  lake  basins,  especially  those  in  the  Carbon- 
iferous Limestone,  which  now  have  a  surface  drainage,  may  once  have 
bad  subterranean  vents.  This  appears  probable  from  the  various 
systems  of  lakes  connected  with  subterranean  rivers  that  still  exist 
in  different  places  in  the  island,  and  wo  would  call  especial 
attention  to  those  connected  with  the  River  Fergus,  Co.  Clare, 
since  a  system  of  lakes  somewhat  similar  to  this  may  have  for- 
merly existed  in  the  basin  of  Lough  Derg.  Tlicso  lakes  are  of 
considerable  size  and  are  irregulariy  situated,  and  the  river  iH 
thus  described  by  the  late  Mr.  F.  J.  Foot,  "  The  River  Fergus  rises 
in  Lough  Fergus,  between  Corrofin  and  Ennistimou,  at  an  elevation 
of  about  350  feet  above  the  sea,  flows  eastward  and  northward  for 
two  miles  and  a  half,  when  it  receives  the  Clooneen  river;  thence  it 
takes  an  easterly  course  for  a  mile  and  a  half,  when,  on  entering  the 
limestone  ground,  it  suddenly  di8api>ear8  in  a  swallow-hole  or  vertical 
cavity  in  the  rock.  Half  a  mile  to  the  east,  it  again  emerges  to  the 
light,  from  a  cavern  called  Poulnaboe,  from  whicli  it  flows  down 
into  Inchiquin  Lough  and  thence  into  Lough  Atedaun.  No  visible 
river  flows  out  of  this  Lough,  but  the  Fergus  is  supposed  to  have 
a  subterranean  course  in  a  direction  of  about  E.S.E.  to  Dromore 
Lough,  whence  it  flows  southward,  now  above  and  now  below 
ground,  to  Ennis,  and  thence  to  the  Shannon."  In  the  basin  of 
Lough  Derg,  if  the  deeps  below  the  50-feet  line  of  soundings  were 
mapped,  they  would  make  a  system  very  similar  to  those  connected 
wiUi  the  River  Fergus,  and  the  similarity  would  bo  more  complete, 
if  each  deep  was  connected  with  its  fellows  by  subterranean 
passages  ;  while  the  great  deep  (119  feet)  in  the  long  east  and  west 
reach  had  a  passage  from  it  to  the  sea  somewhere  in  the  neighbour- 
hood of  Limerick. 

I  have  now  offered  suggestions  as  to  the  mode  of  formation  of 
the  basin  of  Lough  Derg;  they  are  antigonistic  to  the  views  enter- 
tained by  many  persons ;  still  thoy  appear  to  me  more  reasonable 
than  any  others;    and  the  physical  agencies   appealed  to  are  all 
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either  such  as  have  been  by  common  consent  admitted  to  have  bea 
at  work  in  former  times,  or  such  as  can  be  seen  in  operation  at  the 
present  day. 

Explanation  of  Sketch  Hap  (PLATE  XYII.)  of  Louoh  Debo. 

A  Portumna.  K  Deepest  souiidiBg  (119  feet). 

B  TcnrglaM  Bay.  L  Mountshannon. 

G  CloohdaTann  Bay.  M  Coolcoosaon. 

D  Woodford.  I  N  Scarriff. 

£  SlicTe  Auehta.  i  O  Scarriff  Bay. 

F  Dromioagh  Point  |  P  Comaenoe  Valley. 

G  Goose  Bay.  t  Q  Slieve  Bemagh. 

H  lUaiin  More.  I  R  Binnaman  Point 

I  Yoaghal  BaT.  I  8  Sliere  Arra. 

J  Parker  Point  !  T  Killaloe. 


IT. — On  the  Nobtherly  Extension  of  the  Old  Bed  Sandstovi 

TO     LiNLET,      and      OTHER      GeOJX>GIOAL     FbATUBBS     OF    TBI 

Valley  of  Linley  Bbook. 

By  John  Randall,  F.G.S. 

TWO  remarkable  geological  features  present  themselves  in  this 
little  valley  :  one,  the  occurrence  of  the  Upper  Coal  Measures  of 
Bewdley,  together  with  the  well-known  Spirorhis  Limestone;  the 
other,  that  of  the  Bone-bed,  succeeded  by  the  no  less  interesting 
Passage-beds,  forming  connecting  links  between  the  Old  lied  Sand- 
stone and  Upper  Ludlow  Limestone.  The  order  in  which  these  occur, 
taking  both  banks  of  the  brook,  appears  to  be  this. 

1.  Upon  the  surface,  beds  of  drift,  with  boulders,  of  yarious 
thickness. 

2.  The  Pcrmians  may  be  seen  dipping  rapidly  away  from  tlie 
younger  Coal  Measures,  which  crop  out  from  beneath  them,  together 
with  the  Spirorhis  Limestone,  which  occurs  between  the  two  coals. 

3.  Coarse  sandstones,  with  "  coal  sheds,"  as  the  Shropshire  sinkers 
terra  them. 

4.  Followed  by  Red  clays,  about  six  feet. 

5.  Light  coloured  grits,  with  plant  remains,  twenty  feet. 

6.  Hard  micaceous,  gritty  and  flaggy  sandstones,  with  fish  remains, 
first  discovered  in  collecting  materials  for  my  "  Severn  Valley,"  in 
18G0,  and  described  as  "  The  Upper  Bone-bed  "  in  a  pa]X}r  prepared 
by  the  late  George  Roberts,  F.G.S.,  and  myself,  and  read  before  the 
Geological  Society  by  Professor  Ramsay,  January  2l8t,  1863.^ 

The  l>ed  occurs  on  both  sides  the  valley,  and  the  Ri)inefl,  solid  ribs, 
and  solid  bones  it  yielded  are  stated  by  Sir  Philip  Egerton  to  be  the 
largest  of  the  forms  figured  by  him  from  the  corresi>ouding  bed  at 
the  Paper  Mill,  Ludlow. 

The  sandstones  of  the  "  Upper  Bone-bed,"  are  altogether  about 
seven  feet  in  thickness,  but  the  Bone-bed  itself  is  not  more  than  two 
inches ;  and — 

7.  Underneath  it  is  a  kind  of  flagstone,  one  foot  nine  inches  thick, 
with  very  interesting  and  distinct  impressions  of  current  or  ripple 
marks. 

*  See  Quart.  Joum.  Geol.  Soc,  1863,  vol.  xix.  p.  229. 
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8.  Followed  by  eleven  inches  of  mioaceons  sandy  grits,  with 
Lingula, 

9.  Greenish,  irregtdarly  laminated  rock  with  conglomerate,  one 
foot. 

10.  Hard  calcareous  grit,  with  thickly  disseminated  grains,  and 
many  broken  Lin^da,  twelve  inches. 

11.  Succeeded  by  twenty  feet  of  laminated  light  grey  micaceous 
grit;  and — 

12.  Lastly,  about  six  feet  of  micaceous  sandy  clays  coloured  by 
peroxide  of  iron. 

These  are  the  lowest  traceable  in  the  glen  or  gorge,  whore  the 
first  Bone-bed  occurs,  and  they  are  succeeded,  I  imagine,  although 
the  connexion  is  not  to  be  very  distinctly  traced,  by  the  yellowish 
sandstone  seen  beneath  the  yew-trees  higher  up  the  brook,  which  is 
probably  of  the  Downton  series.  It  contains  Beyrichta  and  Lingula, 
the  former  in  abundance,  and  in  one  or  two  ferruginous  bands  may 
be  found  dermal  scutes  of  Thelodus,  with  fragments  of  Lingula, 

The  "  Lower  Bone-bed  "  then  occurs  in  the  bed  of  the  brook,  in 
conjunction  with  a  hard  calcareous  rock  containing  numerous  clusters 
of  Jfodiolopns  eomplanata  at  its  base ;  and  to  these  succeed  flaggy 
beds  of  impure  limestone  containing  Serpulitea  longissimus  and  other 
Upper  Ludlow  forms,  followed  by  the  Aymestry  series,  which,  how- 
ever, become  much  better  developed  on  the  sides  of  the  Caughley 
division  of  Darley  Brook,  a  stream  entering  the  Severn  a  few  hundred 
yards  higher  up,  and  where  characteristic  fossils  such  as  Rhynchonella 
Wilsoni,  RhynchaneUa  spherica,  Chonetes  lata,  with  others,  are  to  be 
found. 

Among  the  fish  fauna  of  these  beds,  Sir  Philip  Egerton  has  dis- 
tinguished remains  of  OnchuSf  Flectrodua,  Ctenacanthus,  and  I  think 
others. 

It  is  worthy  of  remark  that  Plpctrodus,  Onchns  and  Ctenacanthus 
abound  most  as  characteristic  of  this  zone,  and  that  at  Ludlow  the 
Crustacean  remains  of  Pterygotua  predominate,  while  at  Ledbury  the 
Gephalaspid  fishes  seem  to  have  been  the  chief  inhabitants  of  the 
water. 

The  "Upper  Bone-bed"  is  interesting  as  connected  with  the 
extreme  northerly  extension  of  one  great  section  of  the  Old  Red 
Sandstone,  which,  following  an  uninterrupted  course  from  South 
Wales,  through  Herefordshire  and  South  Shropshire,  and  attaining  a 
thickness  of  several  thousand  feet,  here  dwindles  down  to  the  compass 
indicated,  and  speedily  disapj)ears  altogether. 

Similar  "  Bone-beds,"  with  Devonian  and  Silurian  passage  shales, 
have  been  found  in  Herefordshire,  Worcestershire,  and  Gloucester- 
shire, the  latter  at  Pyrton  Passage,  a  point  about  70  miles  distant 
from  Linley. 

Whether  these  beds,  which  are  never  more  than  a  foot  in  thickness, 
and  more  frequently  are  not  more  than  one  or  two  inches,  are  abso- 
lutely continuous  or  not  over  all  the  intervening  8j)aco8  between 
the  points  indicated,  there  is  no  evidence  to  show.  In  either  case 
they  point  to  a  uniformity  of  conditions  over  large  areas,  and  indicate 
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that  were  such  depositions  took  phice,  they  must  have  been  of  pn- 
cisely  the  same  character. 

Tlie  two  beds,  here  separated  by  the  grits,  and  rock  and  shalei 
descrilKhi,  comprising  about  fort}'  feet  of  strata  altogether,  become 
highly  interesting  when  considered  as  the  connecting  links  between 
two  great  formations,  and  as  prolific  in  the  remains  of  those  forms 
of  ichthyic  life  now  engaging  so  much  of  the  attention  of  palseon- 
tologists.  In  his  second  edition  of  "Siluria,"  Sir  R.  Murcbison, 
describing  rocks  occupying  similar  positions,  says,  '*  Fourteen  yean 
have  now  ela[)sed  since  I  proclaimed  that  these  fishes  of  the  Upper 
Ludlow  rock  appeared  before  geologists  for  the  first  time  as  the 
most  ancient  beings  of  their  class;  and  all  the  subsequent  researches  in 
the  various  parts  of  the  world  over  which  Silurian  rocks  have  heen 
found  to  extend  have  failed  to  add  to  or  modify  this  generalization. 
In  other  countries,  indeed,  1>ebides  our  own,  as  in  Ameiica  and 
Bohemia,  one  or  two  ichthvolites  have  been  discovered  within  the 
pale  of  Silurijm  rocks ;  but  there,  as  with  us,  they  are  merely  found 
on  the  outer  threshold  of  the  system,  and  very  sparingly/* 

Whether  such  beds  are  evidences  of  sudden  destruction  of  the 
finny  inhabitants  of  thesi?  early  waters,  or  merely  indicate  conditions 
favounible  to  fish  life — like  modern  feeding  grounds  on  shallow 
shelving  chores — I  cannot  say  ;  but  leaving  the  question  as  to  the 
cause  of  this  accumulation,  nothing  is  more  easy  than  to  read  by  aid 
of  the  light  wliich  such  remains  afford  the  conditions  under  which 
these  i){issage-bed8  themselves  were  formed. 

First,  tliero  was  the  period  of  clear  water,  when  lime  alone  was 

thrown  down :  next,  tluit  during  wliich  rivers  came  down  charged 

^-ith  sanrl  containing  iron,  so  fatal  to  fish  life  ;  but  with  intervals 

when   clear   water    i)revailed,   as    evidenced   by   the   Corn-stones. 

Speakin<;  of  these  sandstones,  Sir  II.  do  la  Beche,  in  the  Meniuirs  of 

the  Ooolo»^ical  Society,  says,  "  In  the  country  of  which  Herefordshire 

forms  the  chief  portion,  extending  to  Shropshire  in  one  direction,  to 

Monmouthshire  and  (Jlamorganshiro  in  another,  and  into  lii*ecknock- 

shire,  Caormarthenshire,  and  Pemhrokesliire  in  a  third,  we  have  an 

unbroken    exposcil    surface    of    21()0    square    miles    of    Old   Eed 

Sandstone  ;  the  whole,  making  due  allowance  for  verticjil  difterences 

lietween  the  upj)er  and  lower  beds,  of  the  same  general  character. 

Taking  the  avera^^e  thickness  of  the  mass  as  it  api)ears  from  measuring 

th(^  beds  vertiijilly  to  their  out.croj».  we  shouKl  have  more  thiui  loOU 

cubic  miles  of  chiefly  red-coh)ured  detrital  matter,  for  such  it  ai»j)ears, 

with  the  exce]»tioii    of  a  slight   amount   of  the  liniesUmes  termed 

Corn-stones.     We  have  henetr  in  tliis  area  alone  a  large  amount  of 

detritus  aeeinnidated  under  conditions  vtrrv  dilVerent,  as  rei'-anls  the 

admixture  of   f«Mruginous    matter,   from    those    which    precede  I   it 

during  th(>  Silurian  ei».)eh.     It  is  difticult  to  obtain  a  clear  view,  in 

the  present  state  of  our  knowledge,  of  the  causes  which  produced 

such  a  mixture  of  i)eroxide  of  iron  with  tiie  acrcumulatiuns  forineJ 

during  the  laj»se  of  time  apparently  recpiireil  for  tiie  deposit  of  this 

amount  of  Ohl  Ued  Sandstone.     After  a  few  .sandstone  beds  with 

Zinyula,  and  perhaps  some  other  shells — the  last  struggles,  as  it 
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di^,  of  the  mollosoB  of  the  time  to  keep  their  ground  in  the  waters 
Bering  this  area — there  would  appear  to  be  few  other  traces  of 
limal  Iffe  than  the  remains  of  fishes,  and  these  chiefly  in  the  Com- 
9ne8,  or  limestones,  associated  with  the  red  or  variegated  marls  and 
idstones.  Fishes  could  readily  swim  freely  without  injury  in  the 
iters  from  which  the  peroxide  of  iron  was  thrown  down,  so  long 
they  did  not  disturb  the  substance  at  the  bottom,  while  at  the 
ae  time  molluscs  would  be  incapable  of  crawling  upon  or  living 
the  sand  or  mud  intermingled  with  the  peroxide,  as  we  have  found 
experiments ;  so  that  at  any  intervals  when  the  waters  might  be 
ieved  by  deposit  from  their  load  of  mechanically  suspended  per- 
de  of  iron,  the  fish  could  readily  enter  the  area  exposed  to  this 
d  of  red  accumulation."  Seeing  that  there  is  no  break  or 
ronformity  in  these  two  sets  of  rocks,  the  Upper  Ludlow  and  the 
1  Bed  rocks,  but  that  the  physical  passage  from  one  to  the  other  by 
se  stratigraphical  beds  is  uniform  and  complete,  it  is  difficult  to 
onnt  for  the  life  break  which  takes  place  in  passing  from  one  for- 
tion  to  the  other,  excepting  on  the  ground  that  great  changes  in 

relative  positions  of  land  and  water  must  have  taken  place, 
sing  the  marine  condition  of  an  extensive  area  most  probably  to 
re  become  one  of  fresh- water,  seeing  that  the  remains  found 
ong  to  the  latter,  and  that  marine  forms  did  not  live  on  beyond 

limits  of  these  passage-beds.  The  marine  Silurian  sea  must  have 
in  slowly  and  gradually  changing  at  the  time  these  beds  were 
ined  by  elevations  and  oscillations  of  the  land  over  an  oval  basin- 
iped  region,  extending  from  this  northern  point  to  Haverford- West 
1  Milford  Haven,  in  South  Wales,  on  the  one  side,  and  along  the 
berley  and  Malvern  ranges,  and  the  eastern  margin  of  the  Bristol 
al-field  on  the  other.  Over  this  large  area  during  long  intervals 
time  fresh- water  conditions,  estuarine  or  lacustrine,  with  slow  but 
itinuous  elevation  of  land,  are  supposed  to  have  continued,  for  no 
m  of  invertebrate  life  appears  to  have  lived  on  beyond  these  beds,' 
lich  form  the  confines  of  the  two  systems. 

Clearly,  an  entire  change  took  place  in  the  marine  fauna  as  we 
low  through  this  series  of  beds  from  the  Ludlow  Limestone 
the  conformable  Lower  Old  Red  Sandstone,  when  the  few  fish 
i  Crustacea  common  to  them  almost,  if  not  entirely,  disappeared ; 
'  the  vast  accumulation  of  these  sandstones  in  this  district  marks 
epoch  and  an  era  almost  barren  of  life ;  only  two  or  three  species, 
d  these  land  and  fresh- water,  being  found,  and  they  only  in  the 
per  portions  of  the  Old  Ked. 
In  supposing  this  section  of  Old  Red  Sandstone  to  have  been  piled 

under  fresh-w^a^er  rather  than  marine  conditions,  I  have  adopted 
3  views  of  Mr.  Robert  Etheridge,  F.R.S.,  who  holds  that  an  exten- 
'e  coast-line  or  barrier  existed  south  of  the  Men^dip  Hills,  separat- 
l  it  from  the  fossiliferous  marine  Devonians,  which  he  divides  into 
niddle,  lower,  and  upper  series. 

We  a88unrie  the  author  means  life  in  this  particular  area  ;  he  does  not  of  coarse 
)ljr  that  no  form  of  invertehrate  life  passed  from  the  scene  of  the  older  into  that 
the  newer  deposit.  —Edit.  Geol.  Mao. 

▼ui.  X. — yo.  cxiiL  "Vi 
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No  such  passage-beds  here  oondact  ns  from  the  Old  Bed  Siad- 
stone  to  the  Coal  Measures,  and  even  in  eases  where  they  do,  as  m 
North  Devon,  of  the  383  species  of  Devonian  fossils  known  in  Gmi 
Britain  and  Ireland,  only  56  are  common  to  it  and  the  CaihonifeitMi 
series,  which  contain  1748 — a  fact  which  wonld  seem  to  indicito 
either  very  varied  conditions  or  a  wide  di£Eerenoe  in  point  of  time. 
The  abruptness  and  suddenness  of  the  change  in  passing  from  tbeOU 
Bed  to  the  Coal  Measures  is  all  the  greater  from  the  fact  that  here  we 
rise  from  the  former  formation  into  the  upper  members  of  the  Coil 
Measures ;  and  the  question  naturally  arises  as  to  'whether  the  old 
Coal  Measures  ever  here  rested  upon  the  Old  Bed  Sandstone,  now 
capped  by  the  New.  Facts  occur  which  indicate  that  they  did; 
and  supposing  the  Old  Red  to  have  been  the  result  of  the  silting  ip 
of  the  wide  area  indicated,  it  will  occur  to  the  mind  that  conditioni 
were  preparing  for  the  growth  of  vegetation,  by  the  fbnnatum  of 
land. 

It  is  worthy  of  remark,  too,  that  on  the  high  ground  at  Linley, 
by  the  road-side,  traces  of  the  old  or  Lower  Coal  Measures  occur, 
as  well  as  on  the  high  ground  before  descending  the  hill  at  the 
Dean,  where  an  anticlinal  fault  brings  up  the  Aymestry  LimeMone. 
Still  stronger  evidences  are  fumitdied  by  the  facta  that  at  Shiilok 
and  the  Brown  Clee  Hills  tbe  connexion  between  the  two  is  dis- 
tinct. The  evidence  is  equally  conclusive  that  they  have  been 
swept  away  altogether  here,  partially  so  to  the  north,  at  the  Dange, 
where  the  *  Little  Flint  Coal  *  crops  out  above,  and  the  *  Lancashire 
Ladies,*  the  lowest  coal  of  the  series,  occurs  a  little  below  the  road. 
At  Caughley,  in  the  Deep  pit,  and  in  other  shafts  on  that  side,  tbe 
younger  coals,  together  with  the  Spirorbis  Limestone,  overlap  the 
lower  measures  of  the  old  coal-field.  At  Caughley  the  Spirorhii 
Limestone  appears  on  the  surface,  and  is  found  in  several  old  shaflft 
in  the  neighbourhood,  about  180  feet  above  the  Crawstone,  the  lowest 
Ironstone  of  the  series ;  thus  showing  that  the  Coal  Measures  up  to 
tlie  top  coal  have  been  destroyed.  The  extent  to  which  these  were 
reduced,  and  the  point  at  which  denudation  ceased,  is  marked  by 
what  is  called  '  calamincar  *  and  the  rough  rock,  the  latter  veiy  un- 
even and  irregular  in  thickness,  but  a  complete  conglomerate,  having 
above  it  the  usual  brick  and  tile  making  clays  of  the  neighbourhood, 
with  a  clunch.  and  one,  or  sometimes  two,  thin  seams  of  coal  above. 
The  order  in  which  tliese  coals  disappear,  as  we  gather  from  practical 
men  connected  with  the  district,  is  this  : — At  the  foundry,  midway 
between  Broseley  Town  Hull  and  the  church,  what  is  known  on  this 
side  the  river  as  top  coal  terminates,  whilst  the  bottom  coal  extends 
thirty  yards  furtlior,  and  then  terminates  too.  The  Pennystone  then 
runs  two  liumlred  yards  beyond,  and  terminates  at  the  Foresters' 
Arms,  on  the  road  to  Inmbridge  :  the  Vigor  coal  five  yards  further 
on,  and  the  (jan(>y  coal  a  hundred  yards  beyond  the  latter.  Tho  Clod 
coal  extends  thirty  yards  further  tlian  the  Best,  tho  next  in  succession, 
and  tho  Little  Flint  coal  sixty  yards  further  still.  This  would  repre- 
^t  about  a  hundn.Ml  an  1  filty-two  feet  of  vertical,  and  loTij  feet  of 
strata,  giving  a  slo\)e  of  one  in  a  little  over  ten,  as  tho  old 
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coast-line.  Towards  the  bottom  of  the  Estuary  the  slope  appears  to 
be  less,  for  at  Caughley,  over  a  mile  from  the  last  point  named,  the 
Clod  Goal,  and  the  Little  Flints,  occasionally  are  found ;  but  no  trace 
of  them,  as  we  have  seen,  is  to  be  found  at  Linley  Brook.  How  far 
the  extension  of  the  Clod  and  Little  Flint  coals  to  Caughley,  beyond 
where  we  might  naturally  expect  them  to  terminate,  may  be  due  to 
a  downthrow  fault  which  intervenes,  we  cannot  say  ;  but  a  great  fault 
crosses  the  road  which  lets  down  the  brick  and  tile  clays  which  are 
on  the  surface,  by  Mrs.  Thorn's  brickworks,  so  that  at  the  deep  pits 
near  they  are  worked  at  a  depth  of  ninety  yards. 

If  we  follow  the  course  of  the  Severn  to  the  south,  and  examine 
the  rocks  laid  bare  in  the  valley,  and  in  channels  cut  by  tributary 
streams  on  either  side,  we  not  only  find  all  traces  of  the  older  Coal 
Measures  disappear,  but  we  find  tiie  younger  members  come  in  and 
supply  their  place. 

If  we  cross  the  16  miles  area,  consisting  of  the  usual  divisions  of 
the  Permian,  the  Bunter,  and  Keuper  sandstones,  which  separate 
the  coal-fields  of  Coalbrookdale  and  South  StafEbrdshire,  we  find  no 
indications  of  the  existence  of  the  Coal  Measures  underneath ;  on  the 
contrary,  the  experiments  made  at  Enville,  Shatterford,  and  other 
places,  demonstrate  their  absence. 

That  the  Shropshire  and  South  Staffordshire  coal-fields  are  frag- 
ments of  one  mineral  tract  would  appear  from  the  position  which 
that  important  and  persistent  measure — tlie  Pennystone  Ironstone — 
ocoupies  in  the  two  fields,  as  well  as  from  the  similarity  of  its 
organic  remains.  The  authors  of  the  memoirs  of  the  Geological 
Survey,  in  their  "Iron  Ores  of  Great  Britain,"  say  that  the  lower 
beds  of  the  Coal  Measures  in  South  Wales  and  Shropshire  (and  the 
same  is  true  for  Lancashire)  couttiin  a  set  of  marine  fossils,  some  of 
which  are  Mountain  Limestone  8i>ecies,  and  the  rest  peculiar  to  the 
Coal  Measures.  Also,  that  there  seem  to  be  good  reasons  for  sup- 
posing the  Rosser  veins  of  South  Wales  equivalent  to  the  Pennystone 
and  underlying  ironstones  of  Coalbrookdale ;  that  the  flat  coal  bass 
has  at  least  a  very  strong  resemblance  in  its  fish-remains  to  the 
bottom  vein ;  and  that  the  Darrau  Pins  exactly  resemble  the  white 
flats  of  Coalbrookdale ;  whilst  the  Ellea  Balls  Mine  is  the  counter- 
part of  the  ball  sUyne  of  the  same  field.  If  the  various  beds  of  these 
coal-fields  can  be  correlated,  and  if  it  is  reasonable  to  suppose  that 
the  mineral  seams  originally  extended  over  the  greater  portion  of 
the  intermediate  tracts  where  we  know  they  no  longer  exist,  the 
extent  to  which  they  have  been  denuded  is  amazing. 

Still,  when  we  look  at  the  island-like  fonn  of  the  Brown  Clee 
Hills,  rising  above  the  sea  of  OM  Ued  Sandstone,  and  bearing  on  its 
summit  a  narrow  patch  of  tho  Lower  Coal  Measures — a  mere  wreck 
saved  by  the  protecting  barriers  of  trap  and  other  rocks  from  that 
utter  destruction  which  befell  the  coal-seams  spread  over  tracts 
where  now  no  trace  exists — the  mind  is  the  more  disposed  to  believe 
in  tho  diistruction  of  the  Co.il  Measures  from  tlie  eastern  side  of  the 
Shropshire  fiehl  to  tho  western  side  of  that  of  South  Staffordshire 
and  East  Worcestershire. 
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We  know  that  deposition  and  denudation  are  inseparable  oor- 
relatives,  and  that  the  amount  of  destruction  done  npon  the  olte 
rocks  is  measured  by  the  sedimentary  deposits  derived  from  tiidr 
materials ;  but  the  recognition  of  these  facts  gains  more  than  ordi- 
nary significance  when  we  come  to  consider  of  how  much  of  thoie 
hidden  mineral  treasures  wo  prize  so  highly,  and  the  extension  of 
which  we  seek  so  earnestly,  as  the  means  of  perpetuating  oor 
national  prosperity,  we  have  been  deprived  by  the  former  agency. 

Along  the  line  of  ground  marked  by  the  barrier  before  referred  to 
as  separating  the  marine  Devonians  from  the  fresh -water  Old  Bad 
Sandstones  of  this  district,  Palceozoic  rocks  are  described  as  crumpled 
and  contorted  for  a  breadth  of  many  miles,  and  along  a  length  of 
800  miles,  tilting  and  turning  the  Coal  Measures  back  upon  them- 
selves, squeezing  and  folding  thorn,  so  that  the  crown  of  the  aoti- 
olinal  is  sometimes  four  or  five  miles  above  the  level  of  the  reversed 
synclinal  arch  to  which  the  bottom  Coal  Measures  descend  in  Belgium. 
One  of  these  anticlinals  presents  itself  at  Linley,  on  a  small  scale 
it  is  trile,  but  bearing  the  unmistakable  impress  of  the  forces  to 
which  it  is  due,  and  betraying  to  the  experienced  eye  the  direction 
in  which  denudation  has  done  its  work.  All  such  tilted  beds  most 
have  had  broken  edges  somewhere,  and  those  edges  once  exposed 
to  the  waves,  the  work  of  denudation  would  commence  along  the 
line  of  fracture.^ 


V. — Notes  on  thk  British  Graptolites  and  their  Allies. 

By  C11A8.  Lapworth,  F.G.S. 
1. — On    an    improved    Classification    of    the    Bhabdophoka. 

PART  I. 

IN  the  following  communication  I  intend  to  give  a  very  brief  outline 
of  some  of  the  chief  results  of  my  investigations  among  British 
(iraptolites  in  those  dopartmeiits  of  inquiry  whicli  are  more  e4«pecially 
connected  with  considerations  of  classification.  1  shall  content  myself 
with  offering  a  concise  statement  of  the  main  conclusions  at  whicli  I 
have  arriveil,  reserving  all  detail  to  the  future,  when  I  hope  to  adduce 
decisive  evidence  in  support  of  the  views  here  advanced.  The  sixjcial 
subjects  to  be  noticed  in  this  place  are — the  development,  structure, 
classification,  and  geological  distribution  of  that  section  of  the  lihahdo- 
phora  in  which  the  complete  polypary  can  be  proved  to  be  comjK»se<i 
of  one  or  more  p()lyi)aries  essentially  similar  to  that  in  the  nnilaU-ral 
and  uniserial  forms  to  which  the  name  Graptolites  (Gniptolithus)  is 
commonly  a])plie(l.  Those  Uhabihtphora  sui)i)osed  to  be  similar  iu 
structure  to  the  genus  BetioliU's  will  be  considered  in  conjimcti«»n, 
but  no  pretension  is  made  to  anything  like  the  same  certainty  in  lliis 
section.  In  an  outline  [»aper  like  the  present,  which  may  be  looked 
upon  simply  as  a  registration  of  new  discoveries  and  opinions,  it 
becomes  possible  to  dispense  with  that  constant  reference  to  the 
coUateral  labours  of  other  investigators  which  strict  justice  demands 

'  Kead  before  a  Fiehl-mcctin'r  of  the  Dudley  Geological  Society,  held  at  Liniey 
near  Brid^jnorth,  on  17th  {September,  1873. 
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in  a  work  of  detaiL  All  who  are  likely  to  be  interested  in  these 
oonclusions  will  notice  at  a  glance  what  is  original,  and  what 
has  been  derived  from  the  discovenes  and  speoulatioas  of  proTious 
olMeryers. 

DEVELOPMENT. 

A  careful  study  and  comparison  of  great  numbers  of  young  Grap- 
tolites  from  the  Mo£Eat  Shales,  belonging  to  the  genera  Dicellograptus, 
Dieranographu,  Fleurograptus^  LeptograpiuSf  DiplograptuSy  etc.,  has 
indaoed  me  to  conclude  that  in  all  the  bilateral  and  duplex  species 
the  mode  of  development  is  essentially  the  same.  The  polypcuy  of 
every  species  which  I  have  been  able  to  trace  satisfactorily  tiirough 
the  earlier  stages  of  its  existence,  first  becomes  visible  as  a  small 
pointed,  triangular — or  rather  dagger-like — **  germ,"  which  from  its 
constant  and  characteristic  shape  I  have  denominated  the  sicfda,^  In 
the  majority  of  the  species  examined  the  sicula  is  at  first  exceedingly 
minatOy  but  it  sometimes  attains  a  length  of  one-fourth  of  an  inch 
befcMne  it  undergoes  any  perceptible  alteration  of  its  external  aspect. 
The  first  visible  change  consists  in  the  development  of  a  solid  axis 
in  its  outer  wall,  extending  along  its  entire  length,  and  prolonged  as 
a  naked  filiform  process  beyond  one  or  both  of  its  extremities. 
A  small  protuberance  or  bud'  next  makes  its  appearance  upon  one  of 
the  lateral  margins,  usually  in  the  immediate  neighbourhood  of  the 
major  extremity  of  the  sicula,  and  this  is  gradually  moulded  into -a 
theca.  A  similar  bud  is  then  given  off  from  the  opposite  margin, 
but  slightly  in  advance  of  the  former,  and  from  these  primordial  buds 
the  two  main  branches  of  the  polypary  are  slowly  evolved  by  a 
process  of  continuous  gemmation. 

The  mode  of  growth  here  described  certainly  obtains  in  most  of 
the  species  appertaining  to  the  genera  named  above.  In  Ccenograpiua 
and  Nemagraptiu,  however,  the  primordial  buds  are  given  off  midway 
between  the  two  exti-emities  of  the  sicula.  In  Dichograptus  and  its 
allies  it  is  yet  uncertain  whether  the  remarkable  non-polypiferous 
"foniole"  peculiar  to  this  group  is  formed  from  true  buds,  or 
whether  it  is  not  rather  a  dichotomising  outgrowth  of  the  major 
extremity  of  the  sicula.  Tlie  sicula  itself  normally  ceases  to  grow 
after  the  primordial  buds  have  originated.  In  rare  examples  of 
Dipiograpiua  it  seems  to  be  imbedded  in  the  proximal  portion  of  the 
polypary.  In  a  few  dibrachiate  species  it  is  absorbed  or  becomes 
obsolete  in  old  age;  but  in  the  great  majority  of  cases  it  permanently 
retains  the  shape  it  possessed  at  the  period  of  the  commencement  of  the 
lateral  branches,  and  forms  a  very  conspicuous  feature  in  the  adult 
organism.  It  is  simply  this  persistent  sicula  which  constitutes  the 
"  axillary  spine "  in  DiceUograptus,  the  ''  radicular  bar "  in  Cceno- 
graptuB,  and  the  ''  radicle  "  in  Didymograptus  and  PhyllograptuSy  etc. 
In  some  cases,  however,  the  sicula  most  certainly  increases  in  size 
after  the  branches  have  been  thrown  off.  In  the  genus  Leptograptus 
and  its  nearest  allies  it  is  frequently  developed  into  a  third  and 

>  The  $ieula  is  probably  identical  with  that  portion  of  the  polypary  which  Herr 
Richter  has  termed  the  '*foot.**    See  Appendix. 
*  See  Appendix. 
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central  branch,  and  examples  of  Diplograpius  afTorcl  evidence  tliat  it 
m.iy  possibly  grow  even  more  rapidly  than  the  branches,  and  giTe 
origin  to  that  terminal  "  vesicle "  which  forms  so  extraordinaiy  tn 
appendage  in  a  few  species. 

I  have  not  yet  been  able  to  work  out  tlie  development  of  the 
unilateral  Gniptolites  {MoHograptida)  so  fully  in  consequence  of  the 
generally  minute  size  of  the  sicnla.  I  am  unable  to  say  whether  tha 
polyparv  in  these  si>ecies  extends  along  the  sicula  as  in  Diplagrapin, 
or  whether  it  docs  not  simply  originate  from  its  minor  extremity,  in 
the  manner  of  the  central  branch  in  Leptograpfns.  Should  the  latter 
prove  to  Ih)  the  true  method  of  development,  this  circumstance,  raid 
in  conjunction  with  the  facts  to  l>e  presently  noticed  in  connexion 
with  tlio  vertical  range  of  the  Graptolites,  enables  us  to  summarise 
the  foregoing  conclusions  under  the  following  general  rule. 

In  the  earliest  siculato  Graptolites  known  {DichagrapinSj  etc),  the 
polypary  originates  from  a  dichotomising  outgrowth  from  the  major 
extremity  of  the  sicula;  in  the  second  type  {DiplograptnSj  etc.),  it  is 
fonnoil  from  two  opposite  buds  thrown  off  from  the  lateral  margins 
in  the  immediate  neighbourhood  of  the  major  extremity;  in  the 
third  type  {Ckmograptus,  etc.)  the  two  buds  arise  from  points  equi- 
distant from  both  extremities;  in  the  fourth  stage  {LeptograpUu,eicX 
in  additit)!!  to  the  two  lateral  branches,  a  tliird  branch  is  formed  bj 
the  continued  outgrowth  of  the  minor  extremity  of  the  sicula ;  and 
finally  in  the  last  and  most  modern  tj-pe  {Alanograptus,  etc.),  the 
two  lateral  buds  are  apparently  wanting,  and  the  polypary  is 
developed  fi-om  the  minor  extremity  alone. 

TIio  "  an«;lo  of  divergence  '*  (sicular  or  dorsal  angle)  of  the  two 
main  bmnches  of  the  bilateral  Graptolites,  varies  throughout  the 
coini)lote  circle.  It  may  be  0"",  in  which  case  the  branches  grow 
parallel  with  each  other  distally  along  the  line  of  the  sicuhv  ami 
coalesce  by  their  dorsal  surfaces,  either  for  the  whole  of  their  length 
[Diplograpius),  or  for  a  portion  of  it  only  (IJicrauagraptus).  It  may 
1)0  less  than  180°  (DiccUograj^tus):  it  may  exceed  180^  (Didi/mo- 
graptus) :  or  it  may  be  as  high  as  3G0^,  when  the  branches  again 
conlcsce  (Phyllograptm).  Wlien  the  sicnlar  angle  is  less  than  18C. 
the  proximal  end  of  tlie  complete  polypary  is  formed  by  the  major 
extremity  of  the  sicula ;  and  when  it  exceeds  180^,  it  is  formed  by  its 
minor  extremity. 

STRUCTURE. 

The  common  jx)rtion  of  a  polypary  of  Monographic  preserved  in 
relief  appears  t^)  be  composed  simply  of  the  conjoined  bases  of  the 
successive  thecoi  (chain! >er8).    These  bud  from  each  other  in  a  single 
linear  series.     The  budding  orifices  remain  pennanoutly  open,  ami 
form  together  a  continuous  longituclinal  tube  or  canal  of  communica- 
tion for  the  conveyance  of  the  common  body.     The  line  of  junction 
of  these  chambers  can  be  traced  on  all  examples  jueserved  in  the 
round,  0(3mpletely  to  the  virgula,  whicli  lies  imbedded  in  a  narn)w 
groove  impressed  on  the  dorsal  walls  of  the  chambers.     The  line  of 
juncticm  is  naturally  thickened,  and  projects  into  the  common  canal 
us  a  rounded  shelf  or  flange.     It  will  obviously  be  found  convenient 
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in  practioe  to  restrict  the  application  of  the  term  iheca  to  the  exterior 
and  separable  portion  of  the  chamber, — in  other  words,  to  that  which 
II  capable  of  being  broken  off  from  the  common  portion.  There  is, 
liowever,  no  constriction  or  line  of  separation  at  the  proximal  ex- 
tremity of  the  theca  so  limited,  but  the  distinctness  of  each  chamber 
18  clearly  visible  upon  the  common  portion  itsedf.  The  natural 
Ovation  of  the  central  parts  of  these  chambers  within  the  boun- 
daries of  the  common  canal  is  the  cause  of  that  peculiar  waviness 
of  the  dorsal  edge  of  the  compressed  polypary,  which  has  been 
noticed  in  a  few  monoprionidiau  species.  Indeed,  in  some  forms, 
this  elevation  is  so  pronounced,  even  in  the  neighbourhood  of  the 
virgula,  that  the  dorsal  margin  appears  toothed  or  denticulated  in 
the  manner  of  a  saw. 

In  the  duplicate  forms  the  polypary  is  merely  composed  of  two  of 
these  monoprionidian  polyparies  placed  back  to  back.  Their  dorsal 
walls  are  flattened,  and  coalesce  into  a  median  septum,  between  the 
two  laminsB  of  which,  the  duplicate  virgula  (which  is  apparently 
formed  by  the  united  virgulas  of  the  composing  branches)  lies  im- 
bedded. The  flattening  of  the  dorsal  walls  is  never  carried  so  far 
as  completely  to  obliterate  the  distinctness  of  the  common  portions 
of  the  chainbers,  but  the  adherent  faces  are  bent  by  their  mutual 
appression  into  a  series  of  waves,  answering  exactly  in  number  and 
position  to  the  theco).  The  two  branches  are  so  fitted  together  that 
their  thecsB  constitute  a  double  alternating  series  in  the  duplicate 
polypary.  It  is  this  circumstance,  in  combination  with  the  natural 
prominence  of  the  central  parts  of  the  proximal  portions  of  the 
chambers,  that  gives  to  the  suture  the  remarkable  undulation,  which, 
conspicuous  in  only  a  very  few  species,  is,  in  all  probability,  a  struc- 
tural necessity  in  the  whole  of  the  siculate  Diprionidm. 

The  Moffiit  examples  of  the  genus  Climacograptus  of  Hall, 
preserved  in  a  state  of  relief,  place  beyond  a  doubt  the  duplicate 
nature  of  the  polypary  in  this  genus,  as  first  pointed  out  and  subse- 
quently so  ably  contended  for  by  Professor  Nicholson.  A  very 
slight  pressure  applied  along  the  line  of  the  septum  in  these  speci- 
mens is  sufficient  to  cause  the  polypary  to  fall  apart  longitudinally, 
and  thus  expose  to  view  the  continuous  flattened  walls,  the  imbedded 
▼irgula,  etc.,  as  described  by  him,  while  the  distinctness  of  the  thecse 
may  be  placed  beyond  question  by  their  being  easily  broken  off 
the  common  canal  one  by  one,  and  individually  examined.  Com- 
pressed examples  of  Climacograptus  are  sometimes  procured,  in 
which  the  moieties  have  fallen  asunder  for  a  greater  or  less  extent 
previous  to  fossilization,  and  specimens  are  not  infre<^uent,  both  in 
this  genus  and  DiplograptuSy  in  which  it  seems  clearly  evident  that 
the  composing  polyparies  must  have  had  different  rates  of  growth. 

The  form  Climacograptus  Ujpicalis  (H.),  examined  and  described 
by  Prof.  Hall  (Grapt.  Quebec.  Group,  p.  28),  may  possibly  belong 
to  the  genus  Lasiograptus,  to  be  noticed  hereafter. 

In  addition  to  the  great  section  of  the  siculate  Diprionidaj  there  is 
a  second  section,  embracing  the  genus  Betiolites  and  its  allies.  Such 
observations  as  have  hitherto  been  made  on  the  structure  of  the 
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lepresent  the  dawn  of  organic  life.  Into  the  reasons  which  led 
Barrande  to  inclnde  the  rocks  of  the  first,  second  and  third  faunas 
ki  one  SQnrian  system  (a  view  which  was  at  once  adopted  by  the 
British  G^logical  Survey  and  by  Murchison  himself),  it  is  not  our 
proTince  to  inquire;  but  we  desire  to  call  attention  to  the  fact  that 
the  latter,  by  his  own  principles,  was  bound  to  reject  such  a  classifi- 
cation. In  his  address  before  the  Greological  Society  in  1842  (already 
quoted  in  the  first  part  of  this  paper),  he  declared  that  the  discussion 
as  to  the  value  of  ^e  term  Cambrian  involved  the  question  "whether 
there  was  any  type  of  fossils  in  the  mass  of  the  Cambrian  rocks 
different irom  those  of  the  Lower  Silurian  series.  If  the  appeal- to 
natare  should  be  answered  in  the  negative,  then  it  was  clear  that  the 
liower  Silurian  type  must  be  considered  the  true  base  of  what  I  had 
named  the  Protozoic  rocks ;  but  if  characteristic  new  forms  were 
discovered,  then  would  the  Cambrian  rocks,  whose  place  was  so 
vrell  established  in  the  descending  series,  have  also  their  own  fauna, 
and  the  Palieozoic  base  would  necessarily  be  removed  to  a  lower 
horizon." 

In  the  event  of  no  distinct  fauna  being  found  in  the  Cambrian 
■eries,  it  was  declared  that  "  the  term  Cambrian  must  cease  to  be 
iwed  in  zoological  classification,  it  being,  in  that  sense,  synonymous 
with  Lower  Silurian."  (Proc.  Geol.  Soc.,.vol.  iii.  p.  641,  et  seq.) 
That  such  had  been  the  result  of  italeeontological  inquiry  Murchison 
then  proceeded  to  show.  Inasmuch  as  the  only  portion  of  Sedg- 
mrick's  Cambrian  which  was  then  known  to  be  fossiliferous  was 
really  above  and  not  below  the  Llandeilo  rocks,  which  Murchison 
had  taken  for  the  base  of  his  Lower  Silurian,  his  reasoning  with 
regard  to  the  Cambrian  nomenclature,  based  on  a  false  datum,  was 
itself  fallacious;  and  it  might  have  been  expected  that  when  the 
Oovemment  Surveyors  had  shown  his  stratigraphical  error,  Mur- 
chison would  have  rendered  justice  to  the  nomenclature  of  Sedgwick. 
But  when,  still  later,  a  farther  ''  appeal  to  nature  "  led  to  the  dis- 
covery of  "  characteristic  new  forms,"  and  established  the  existence 
of  a  "  type  of  fossils  in  the  mass  of  the  Cambrian  rocks  different 
from  those  of  the  Lower  Silurian  series,"  Murchison  was  bound  by 
his  own  principles  to  recognize  the  name  of  Cambrian  for  the  great 
Ffestiniog  group,  with  its  primordial  fauna,  even  though  Barrande 
and  the  Government  Surveyors  should  unite  in  calling  it  Primordial 
Silurian. 

He  however  chose  the  opposite  course,  and  now  attempted  to 
claim  for  the  Silurian  system  the  whole  of  the  Middle  Cambrian  or 
Ffestiniog  group  of  Sedgwick,  inchiding  the  Tremadoc  slates  and  the 
Lingula-fiags.  The  grounds  of  this  assumption,  as  set  forth  in  the 
successive  editions  of  Stluria  from  1854  to  1867,  and  in  various 
memoirs,  may  be  included  under  three  heads :  first,  that  the  Lingula- 
flags  have  been  found  to  exist  in  some  parts  of  his  original  Silurian 
region ;  second,  that  no  clearly-defined  base  had  been  assigned  by 
him  to  his  so-called  system;  and  third,  that  there  are  no  means 
of  drawing  a  line  of  demarcation  between  these  Middle  Cambrian 
formations  and  the  overlying  Llandeilo. 
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«ia  r.hac  -he  vrirlona   ^nra    k   ^aie  Ti«3tvr»rr  mis  smuccbewd  W 


Mirrhi^r  seema  art»«ie<i  r^j  jho^  oias  ^zubs  •^mLiccrvdLV  fbcn  a  f«y 


banner  jrr-,iin  rr^.m  -ixac  ilr^iy  nodoetL 

Amon^r  the  ^ptifiies  irtiiiiLly  iladwii  wiA  Dialo»jrntm  are  two 
f^xtm-.minary  ^^^r^  which  *5eiii  "o  imsic  ai^neriJ  ditfcmicckni.  Is  k 
moreoyer.  Lmp«>i?«noie  ir  rr^rsent  ro  r-omciie  rhinr  z>HienI  sincUit 
with  the  pr»v-:, -na  inrerr-/r?riidoa  of  diar  of  che  «**"fi««»  r%0rtMfa. 
in  the  dm  -.f  rhene  types,  which  inelmiM  L^ial^Hfnsatmm  nimndomm  E) 
mii  its  lilies,  nr.r  jniy  is  -^aiih  theca  Himishie^i  wiidi  two  loaes^nM 
or  linr«is.  extern  iinir  )arwnr:a  rrona.  the  in;ries  of  die  &p«zCTe.  bit 
the  poiypary  it-ieLf  id  oraameatai  ia  a>ifiirioii  wtch.  two  oppcarte. 
Iritijzirn.iirLiiL  itjw^  .-;t  zi^rinrlc.  iaoLuetl  scars,  ■ievelop**!  alooz  «» 
m<»«iLin  line  of  the  periderm  at  ri«ht  miiea  with  the  checae.  1^ 
polypazy  in  these  f-irma  is  tirst  ▼isible  as  *  small  ott*1  disc:  brtstlin^ 

scurssw  oniAmaitfd 

The  generw 

propijael  for  a   tonn   of   this   group  by 

Dr.  Hoiaii^ns  in   I^.3o.  nnd  alrhoofcii  the  desi^natioiL  can  hardly  be 

conr^iderisii  appropriate  now  that  the  tnxe  form  of  die  P^ItF"?*  ^ 

^own.  yet  it  -inirht  obvioosly  to  be  retained. 

In  the  iiiolt  p«jlypary  .?t*  the  species  of  the  second  type,  a  slider 
S'oi"'^  '-^  ■iev»rl«'pe'i  fr't-m  rh-?  v-aier  niirzin  of  each  th-?«::i.  At  a  smill 
bV.  :'  r.-sMii':  ■:i.*r:iii-:e  -.-'I'si  Ir-  th-*  zeneril  bi^in-liry  of  rh-?  p-.ijP'^- 

tr :::■:'-  ii-vSjULare  wi-h  r.ii.  ^  iT-riginjirlnz  in  a  siniiLir  mivniier  frr-m 
-i'^  ■irin-r'*  inim-r^iiar^rlv  ihov-a  and  belo^.  These  threads  form  \ 
^-.rriitj'iiti  Hr'^w.-rk  OF  ^nil  alER'T'St  tv-mpletely  *7irr:?:ind'Ln;2:  tJi^ 
ni-.lvx^irv.     Prrfrot  -rx.miT.-lrs  "irs  ex'iWs.siv-lv  rare,  bu:  the  <riri:ini^n< 


ihe  ■  i-l"? '  *'  I«.^t  vr.jr.^ii.^    Gr.  XzicwK.  hairy,  sha^cj- '. 

Tfce  A>'alytt-:al  T.\^le  of  the  oe>t:ra  of  Graptt-lites.  eml->'y- 

inz  '''-'■  r":re--:o:ri^' cr-nolasi>n3.  ro-z^ther  with  the  Apren-lix  ■  alrea-iy 
r^rf-^rre'l  V)  ."ci-a-iURi:!;^  descripn-.'ns  of  new  genera,  will  appear  in 
rhe  I>;oer^:V;er  yumb»;r. 

yj  HiaTOBT  OF   THE  NaJIES  CaJIBRIJLN   AND  SlLCRIAX  Hf  GeOLOCT.* 

Ev  Pro:'.  T.  SiEi^RT  Hunt.  LL.D.,  F.R  S. 

W^Ys  have  alroarly  noticed  that  Barrande,  as  early  as  1852.  gave 
\\  th^;  name  of  Primordial  Silurian  to  the  rocks  which,  in  Bohemia, 
wf-ro  marked  by  the  first  fauna ;  although  he,  at  the  same  time. 
Ti'c/y^m'wj'A  this  "as  distinct  from  and  older  than  the  second  fauna. 
i\w^}Wi:TiA  in  the  Llandeilo  rxiks,  wliich  Murchison  had  declared  to 
»  ilftprintwl  from  the  ••Canadian  Xaturalist/*  new  series,  voL  vL  no.  3,  p.  3W. 
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resent  the  dawn  of  organic  life.  Into  the  reasons  which  led 
rande  to  include  the  rocks  of  the  first,  second  and  third  faunas 
one  Silurian  system  (a  view  which  was  at  once  adopted  by  the 
tish  G^logical  Survey  and  by  Murchison  himself),  it  is  not  our 
vince  to  inquire ;  but  we  desire  to  call  attention  to  the  fact  that 
latter,  by  his  own  principles,  was  bound  to  reject  such  a  classifi- 
on.  In  his  address  before  the  Geological  Society  in  1842  (already 
ted  in  the  first  part  of  this  paper),  he  declared  that  the  discussion 

0  the  value  of  the  term  Cambrian  involved  the  question  "whether 
re  was  any  type  of  fossils  in  the  mass  of  the  Cambrian  rocks 
3rentirom  those  of  the  Lower  Silurian  series.  If  the  appeal*  to 
ire  should  be  answered  in  the  negative,  then  it  was  clear  that  the 
trer  Silurian  type  must  be  considered  the  true  base  of  what  I  had 
led  the  Protozoic  rocks ;  but  if  characteristic  new  forms  were 
iovered,  then  would  the  Cambrian  rocks,  whose  place  was  so 

1  established  in  the  descending  series,  have  also  their  own  fauna, 
the  Palaeozoic  base  would  necessarily  be  removed  to  a  lower 

izon." 

n  the  event  of  no  distinct  fauna  being  found  in  the  Cambrian 
es,  it  was  declared  that  "  the  term  Cambrian  must  cease  to  be 
d  in  zoological  classification,  it  being,  in  that  sense,  synonymous 
h  Lower  Silurian."  (Proc.  Geol.  Soc.,,vol.  iii.  p.  641,  et  seq.) 
kt  such  had  been  the  result  of  palseontological  inquiry  Murchison 
a  proceeded  to  show.  Inasmuch  as  the  only  portion  of  Sedg- 
k's  Cambrian  which  was  then  known  to  be  fossiliferous  was 
lly  above  and  not  below  the  Llandcilo  rocks,  which  Murchison 
.  taken  for  the  base  of  his  Lower  Silurian,  his  reasoning  with 
ard  to  the  Cambrian  nomenclature,  based  on  a  false  datum,  was 
If  fallacious;  and  it  might  have  been  expected  that  when  the 
iremment  Surveyors  had  shown  his  stratigraphical  error,  Mur- 
lon  would  have  rendered  justice  to  the  nomenclature  of  Sedgwick. 
:  when,  still  later,  a  farther  "  appeal  to  nature  "  led  to  the  dis- 
ery  of  "characteristic  new  forms,"  and  established  the  existence 
%  "  type  of  fossils  in  the  mass  of  the  Cambrian  rocks  different 
n  those  of  the  Lower  Silurian  series,"  Murchison  was  bound  by 
own  principles  to  recognize  the  name  of  Cambrian  for  the  great 
stiniog  group,  with  its  primordial  fauna,  even  though  Barrande 
.  the  Government  Surveyors  should  unite  in  calling  it  Primordial 
irian. 

le  however  chose  the  opposite  course,  and  now  attempted  to 
m  for  the  Silurian  system  the  whole  of  the  Middle  Cambrian  or 
stiniog  group  of  Sedgwick,  including  the  Tremadoc  slates  and  the 
gula-fiags.  The  grounds  of  this  assumption,  as  set  forth  in  the 
sessive  editions  of  Silurta  from  1854  to  1867,  and  in  various 
noirs,  may  be  included  under  three  heads :  first,  that  the  Lingula- 
;s  have  been  found  to  exist  in  some  parts  of  his  original  Silurian 
ion ;  second,  that  no  clearly-defined  base  had  been  assigned  by 
i  to  his  so-called  system ;  and  third,  that  there  are  no  means 
[Ira wing  a  line  of  demarcation  between  these  Middle  Cambrian 
nations  and  the  overlying  Llandeilo. 
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polypary  in  these  puzzling  forms,  afford  evidence  that  in  th«e 
genera  both  series  of  thecie  open  into  a  sub-central  common  canil, 
and  that  the  various  parts  of  the  polypary  are  strengthened  by 
slender  chitinous  threads  connected  with  the  virgula.  Nothing 
further  seems  needed  to  show  that  these  collectively  form  a  very 
distinct  group  from  that  already  noticed. 

Among  the  species  usually  classed  with  Diplograptus  are  two 
extraordinary  tji^cs  which  seem  to  merit  generic  distinction.  It  is, 
moreover,  impossible  at  present  to  reconcile  their  general  stnicture 
with  the  previous  interpretation  of  that  of  the  siculate  Dipnonida. 
In  the  first  of  these  types,  which  includes  Diplograptus  apinnlosHs  (H.) 
and  its  allies,  not  only  is  each  theca  furnished  with  two  long  spines 
or  fibres,  extending  outwards  from  the  angles  of  the  ai.)erture,  bat 
the  polypary  itself  is  ornamented  in  addition  with  two  opposite, 
longitudinal  rows  of  gigantic,  isolated  spurs,  developed  along  the 
median  line  of  the  periderm  at  right  angles  with  the  thecas.  The 
pol^'pary  in  these  forms  is  first  visible  as  a  small  oval  disc,  bristling 
with  a  host  of  incipient  spurs,  and  is  in  its  later  stages,  ornamented 
with  a  greatly  extended  single  (?)  filiform  virgula.  The  generic 
term  Glossograptns  was  proposed  for  a  form  of  this  group  by 
Dr.  Emmons  in  1855,  and  although  the  designation  can  hardly  Im 
considered  appropriate  now  that  the  true  form  of  the  polypary  is 
known,  yet  it  ought  obviously  to  be  retained. 

In  the  adult  polypary  of  the  species  of  the  second  type,  a  slender 
spine  is  developed  from  the  outer  margin  of  each  theca.  At  a  small 
but  constant  distance  outside  the  general  boundary  of  the  polypary, 
this  spino  subdiAides  into  (or  gives  off)  numerous  minute  threads, 
which  inosculate  with  those  originating  in  a  similar  manner  from 
the  spines  immediately  above  and  below.  ITiese  threads  forui  a 
connecteii  network  or  braid  almost  completely  surrounding  the 
polypary.  Perfect  exaniplos  are  excessively  rare,  but  the  specimens 
belonging  to  the  group  can  be  recognized  at  once,  their  margins 
being  apparently  furnished  with  minute  tufts  of  tangled  hairs.  Tlie 
species  of  this  type  I  j)r()poso  to  unite  in  a  provisional  genus  under 
the  title  of  Lasiograptus  (Gr.  Xdaio^i  hairy,  shaggy). 

The  Analyitcal  Table  of  the  c.enera  of  Graptolites,  emlK}dy- 
ing  the  foregoing  conclusions,  together  with  the  Appendix  (already 
referred  to),  containing  descriptions  of  new  genera,  will  api>ear  in 
the  December  Number. 


VI. IIlSTORT  OF   THE  XaMES  CaM BRIAN  AND  SiLURIAN  IN  GeOLOGY.^ 

By  Prof.  T.  Steuky  Hunt,  LL.D.,  F.R  S. 
{Continued  from  p.  461.) 

WE  have  already  noticed  that  Barrande,  as  early  as  1852,  gave 
the  name  of  Primordial  Silurian  to  the  rocks  which,  in  Bohemia, 
were  marked  by  the  first  fauna ;   although  he,  at  the  same  time, 
recognized  this  as  distinct  from  and  older  than  the  second  fauna, 
di8covero<l  in  the  Llandeilo  rocks,  which  ^lurchison  had  declared  to 
*  Ht-priuted  from  tho  «•  Canadian  Naturalist,"  new  series,  vol.  vi.  no.  3,  p.  304. 
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represent  the  dawn  of  organic  life.  Into  the  reasons  which  led 
Barrande  to  include  the  rocks  of  the  first,  second  and  third  faunas 
hi  one  Silurian  system  (a  view  which  was  at  once  adopted  by  the 
British  G^logica]  Survey  and  by  Murchison  himself),  it  is  not  our 
province  to  inquire;  but  we  desire  to  call  attention  to  the  fact  that 
the  latter,  by  his  own  principles,  was  bound  to  reject  such  a  classifi- 
cation. In  his  address  before  the  G-eological  Society  in  1842  (already 
quoted  in  the  first  part  of  this  paper),  he  declared  that  the  discussion 
as  to  the  value  of  the  term  Cambrian  involved  the  question  ''whether 
there  was  any  type  of  fossils  in  the  mass  of  the  Cambrian  rocks 
different  irom  those  of  the  Lower  Silurian  series.  If  the  appealto 
nature  should  be  answered  in  the  negative,  then  it  was  clear  that  the 
Lower  Silurian  type  must  be  considered  the  true  base  of  what  I  had 
named  the  Protozoic  rocks ;  but  if  characteristic  new  forms  were 
discovered,  then  would  the  Cambrian  rocks,  whose  place  was  so 
well  established  in  the  descending  series,  have  also  their  own  fauna, 
and  the  PalsBOzoio  base  would  necessarily  be  removed  to  a  lower 
horizon." 

In  the  event  of  no  distinct  fauna  being  found  in  the  Cambrian 
series,  it  was  declared  that  **  the  term  Cambrian  must  cease  to  be 
used  in  zoological  classification,  it  being,  in  that  sense,  synonymous 
with  Lower  Silurian."  (Proc.  Geol.  Soc.,.voL  iii.  p.  641,  et  seq.) 
That  such  had  been  the  result  of  })al8eontological  inquiry  Murchison 
then  proceeded  to  show.  Inasmuch  as  the  only  portion  of  Sedg- 
wick's Cambrian  which  was  then  known  to  be  fossil  iferous  was 
really  above  and  not  below  the  Llandeilo  rocks,  which  Murchison 
had  taken  for  the  base  of  his  Lower  Silurian,  his  reasoning  with 
r^ard  to  the  Cambrian  nomenclature,  based  on  a  false  datum,  was 
itself  fallacious;  and  it  might  have  been  expected  that  when  the 
Qovemment  Surveyors  had  shown  his  stratigraphical  error,  Mur- 
chison would  have  rendered  justice  to  the  nomenclature  of  Sedgwick. 
Bat  when,  still  later,  a  farther  "  appeal  to  nature  "  led  to  the  dis- 
covery of '' characteristic  new  forms,"  and  established  the  existence 
of  a  •'  type  of  fossils  in  the  mass  of  the  Cambrian  rocks  different 
from  those  of  the  Lower  Silurian  series,"  Murchison  was  bound  by 
his  own  principles  to  recognize  the  name  of  Cambrian  for  the  great 
Ffestiniog  group,  with  its  primordial  fauna,  even  though  Barrande 
and  the  Government  Surveyors  should  unite  in  calling  it  Primordial 
Silurian. 

He  however  chose  the  opposite  course,  and  now  attempted  to 
claim  for  the  Silurian  system  the  whole  of  the  Middle  Cambrian  or 
Ffestiniog  group  of  Sedgwick,  including  the  Tremadoc  slates  and  the 
Lingula-flags.  The  grounds  of  this  assumption,  as  set  forth  in  the 
successive  editions  of  Siluria  from  1854  to  1867,  and  in  various 
memoirs,  may  be  included  under  three  heads:  first,  that  the  Lingula- 
flags  have  been  found  to  exist  in  some  parts  of  his  original  Silurian 
region ;  second,  that  no  clearly-defined  base  had  been  assigned  by 
him  to  his  so-called  system ;  and  third,  that  there  are  no  means 
of  drawing  a  line  of  demarcation  between  these  Middle  Cambrian 
formations  and  the  overlying  Llandeilo. 
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With  rejipinl  to  the  first  of  these  reasons,  it  is  to  be  said  thK 
the  only  known  repFcscutatives  of  the  Lingula-flags  in  the  re^^CA 
de.scrilK*il  by  Murchison  in  his  Sihtrian  System  are  the  black  8Lit« 
of  3Ialvern  ;  and  some  scanty  outliers  which,  in  Shropshire,  lie  be- 
tween tlio  old  Lon^myud  rocks  and  the  base  of  the  Stipcr-stouei 
The  former  were  thon  (as  has  alrea<ly  been  shown)  sup|k>!H.h1  bj 
him  to  hi'lonj^  tt)  the  Llandcilo.  or  rather  to  the  ])a88age-bed8  l)eiween 
the  Llandoilo  and  Cambrian  (IJiila) ;  while  with  rej^inl  to  the  hitter, 
Kanis;iy  expressly  tells  us  that  they  were  not  originally  classed  with 
the  Silurian,  but  have  since  Won  includtnl  in  it.  (Mem.  Gool.  Surv., 
vol.  iii.  jMirt  2.  pajije  9 :  anvl  24:2,  foot-note.) 

The  Llandeilo  be<ls  were  by  Murchison  distinctly  stited  to  be  the 
base  of  the  Silurian  system  {SiL  Sij»L  p.  222) ;  and  it  was  fanlier 
declariMl  by  him  that  in  Shropshire  (unlike  Caennarthenshirei 
'*  there  is  no  paRsa«;e  fn^m  the  Cambiiau  to  the  Siluritui  strata."  but 
a  hiatus,  marked  l>y  disturUances  whicii  excluded  tlic  pa&^ge-l^eiU, 
and  caused  the  Ii0W(>r  Silurian  to  rest  unconformably  u^Hm  the 
Lougniynd  rocks.  {Ihitl.  p.  2.>G ;  and  plates  31.  sections  S  and  6: 
82,  section  4.)  But  in  Silnrfa  (1st  ed.  p.  47)  the  two  are  8t;ited  to 
be  cH)nformable;  and  in  the  sultsequent  sections  of  this  re^on.  made 
by  Aveline,  and  publish i.'d  by  the  Geological  Survej',  the  evidenoei 
of  this  want  of  conformity  do  not  appear.  Murchison  at  that  time 
confounded  the  rocks  of  the  Longmynd  with  the  Cambrian  {li;ila) 
beds  of  Caermart  hen  shire  and  BixKion.  (SiL  Stf»t.  p.  416.)  Hence 
it  was  that  he  gave  tlie  name  of  Cambrian  to  the  former;  and  tliis 
niistako,  moreover,  led  him  to  ]>lace  the  Cambrian  of  Caermartben- 
sliire  beneath  the  Llandeilo.  It  is  clear  that  if  he  claimed  no  well- 
defined  base  to  the  Llandeilo  mcks  in  this  latter  (their  typical 
regicn),  it  was  because  he  saw  them  ])assing  into  the  overlying 
I>ala  bt'ds.  There  was,  in  the  tTror  by  which  he  i)laced  htlotc  the 
Llandfilo,  strata  which  were  really  fi^ort'  them,  no  ground  whatever 
for  afterwards  including  in  his  Silurian  system,  as  a  downward  con- 
tinuation of  the  Llandeilo  rocks  (which  are  the  basal  portion  of  the 
Bala  gn)Uj)),  the  whole  of  the  Ffestiniog  group  of  Sedgwick  ;  wli"se 
infra-(x>sition  to  the  Bala  had  been  shown  by  the  latter  long  before 
it  was  known  to  be  fossi  life  reus. 

It  was,  liowever,  claimed  by  Murchison  that  no  line  of  separation 
can  be  drawn  between  these  two  groups.  The  results  of  Kamsay 
and  of  Salter,  as  set  forth  in  the  address  of  the  former  before  the 
Geological  Society  in  18(53,  and  more  fully  in  the  Menuurs  of  the 
Geological  Survey  (vol.  iii.  part  2)  published  in  IbGO,  with  a  pivt'ace 
by  himself,  as  the  IJiri'ctor  of  the  Survey,  are  completely  ignored  by 
Murchison.  The  reader  familiar  with  these  results,  of  which  we 
have  given  a  summary,  finds  with  surprise  that  in  the  last  editiiui  of 
iSiluria,  that  of  Ibtu,  they  are  noticed  in  part,  but  only  to  be  re- 
pU(lial<Ml.  In  the  five  pages  of  text  whieh  are  there  given  to  this 
great  Middle  Candirian  division,  wo  are  told  that  tlu>  distinction 
between  the  Lower  Tremadoc  and  the  Lingula-llags  '•  is  dillicult  to 
be  drawn,"  and  that  the  Ui)i)er  Tremadoc  slate  passes  into  and  fonns 
the  luwer  part  of  the  Llandeilo,    **  into  which  it  graduates  couior- 
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mabl^'."  (Siluria,  4th  ed.  p.  46.)  In  each  of  these  cases,  on  the 
eontraiy,  according  to  Bamsay,  there  is  observed  "a  break  very 
nearly  complete  both  in  genera  and  species,  and  probable  uncon- 
formity ;"  the  evidence  of  the  paleeoutological  break  being  furnished 
by  the  careful  studies  of  Salter ;  while  that  of  the  stratigraphical 
break,  as  we  have  seen,  leaves  no  reason  for  doubt.  (Alein.  Qeol. 
Surv.,  vol.  iii.  part  2,  pp.  2,  161,  234.)  The  student  of  Siluria  soon 
learns  that  in  all  oases  where  Murchison*s  pretensions  were  con- 
cerned, the  book  is  only  calculate<l  to  mislead. 

The  reader  of  this  history  will  now  be  able  to  understand  why, 
notwithstanding  the  support  given  by  Barrande,  by  the  Qeological 
Survey  of  Great  Britain,  and  by  most  American  geologists,  to  the 
Silurian  nomenclature  of  Murchison,  it  is  rejected,  so  far  as  the 
Lingula-flags  and  the  Trcmadoc  slates  are  concerned,  by  LycU, 
Phillips,  Davidson,  Harkness  and  Hicks  in  England,  and  by  Lin- 
narsson  in  Sweden.  These  authorities  have,  however,  admitted  the 
name  of  Lower  Silurian  for  the  Bala  group  or  Upper  Cambrian  of 
Sedgwick — a  oonoession  which  can  hardly  be  defended,  but  which 
apparently  fbund  its  way  into  use  at  a  time  when  the  yet  unravelled 
perplexities  of  the  Welsh  rocks  led  Sedgwick  himself  to  propose,  for 
a  time,  the  name  of  Cambro-Silurian  for  the  Bala  group.  This  want 
of  agreement  among  geologists  as  to  the  nomenclature  of  the  Lower 
Palaeozoic  rocks,  causes  no  little  confusion  to  the  learner.  We  have 
seen  that  Henry  Darwin  Ro^rs  followed  Sedgwick  in  giving  the 
name  of  Cambrian  to  the  whole  Palaaozoic  series  up  to  the  base  of  the 
May  Hill  Sandstone ;  and  the  same  view  is  adopted  by  Woodward  in 
his  Manual  of  the  Mollusca.  The  student  of  this  excellent  book  will 
find  that  in  the  tables  giving  the  geological  range  of  the  mollusca, 
OD  pages  124,  125  and  127,  the  name  of  Cambrian  is  used  in  Sedg- 
"wick's  sense,  as  including  all  the  fossiliferous  strata  beneath  the  May 
Hill  Sandstone.  On  page  123  it  is  however  explained  that  Lower 
Silurian  is  a  synonym  for  Cambrian,  and  it  is  so  used  in  the  body  of 
the  work. 

The  distribution  of  the  Lower  and  Middle  Cambrian  rocks  in 
Great  Britain  may  now  be  noticed.  The  former,  or  Bangor  group,  to 
which  Murchison  and  the  Geological  Survey  restrict  the  name  of 
Cambrian,,  and  which  they  sometimes  call  the  Longmynd,  bottom  or 
basement  rocks,  occupy  two  adjacent  areas  in  Caernarvon  and 
Merionethshire;  the  one  near  Bangor,  including  Llanberris,  to  the 
north-east,  and  the  other,  including  Harlech  and  Barmouth,  to  the 
south-east  of  Snowdon ;  this  mountain  lying  in  a  synclinal  between 
them,  fmd  rising  3571  feet  above  the  sea.  The  great  mass  of  grits 
or  sandstones  appears  to  be  at  the  summit  of  the  gniup,  but  in  the 
lower  part  the  blue  roofing-slates  of  Llanberris  are  interstratified  in 
a  series  of  green  and  purple  slates,  grits  and  conglomerates.  (Some 
of  the  Welsh  roofing-slates  are  however  supposed  to  belong  to  the 
Llandeilo.)  (Mem.  Geol.  Surv.,  vol.  iii.  part  2,  pp.  54,  258.)  The 
Harlech  rocks  in  this  north-western  region  are  conformably  overlaid 
by  the  Menevian,  followed  by  the  true  Lingula-flags,  or  OJenns  beds, 
of  the  Middle  Cambrian.     Upon  these  repose  the  Tremadoc  slates, 
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Sn:^:.^-  T-'i  r:»:k5  ::  :*:i?  Lz-tLrmyiil.  like  those  of  the  other 
LiTTfrT  •7v::n'':rli=.  ir»r:vs  ::i--":i:n-r«L  oiinsLat  principally  of  green  and 
-•"in.r  siniivrir^  wi-h  rt:- j:-.:ni^rre^  shal-ra  aD«i  s-^me  clav-slaies. 


P*!:.:.  'w::li  w  mi-'-.rimTs-*,  i- i  ri.^  fissils  rLime^i  OUihamia,  is  foand 
•rn.  "Lr  :'jv»"  :c  Ir-r'tr.i  :r-7.-::e  C  vrmirvonshir^.  in  the  rxrks  of  Bray 
H-r:wi.    vir_i:'c    r:<^:^V.r    L-:L:I;^l\iiIv   the    Harlech    beds,  and  are 

S:l'.L  i--:L-rr  ir^\  >f  :r.e  :Iirr  rvks  is  th\:  of  the  Malvern  hilk 
•a  :b.r  w^-cTTi  dvnks  ::  wri::b..  \5  ilreatly  m-ranone«l,  the  Linj^la- 


^3 

impn^hable. 
s^jT^sTrii  bv  B.im=.irr  iiil  by  Murohison.  that  the^e  11»>3  fe^t  of 


s.-v  :.-T>.-  «.■.::  :s" : :.r-   ;:    Mi.v.rn.  n.-v-?  'i:  >-:•   or   ^r.  Diviis,  r«t 

T..-Sr  OTv*:  illirie    >/i>:s    ■::"   Mtlvi-ni.   wli-.i-li    r\r:-    i.lv5oriiy>i  br 
Pi-i.  >s  vs:..:-    1  if s:  rx><  in  t:- j!  viii.  ani  bv  E>r.  H.  B.  H.«il  ar*? 

c:  •  V  ■  ■ . : "  17  ->  I  ■ :  "  -  L  ■. * :  r f  :* v!  \n .  5-; -r :ii  :r  ■  n i  •  'r;  v  •  I  -j so  ri  i  • :  ;■  •  n  o f  t he  i  r  1  \:hiy 

wi-'i  w"..::'::  ::.-v   ■ir'T.  bv   MirrLis-a.   rer^ri'^1  a^   i  b.-nti.vj.     TL* 

•  •  - 

rrv-i-. •/.".>.-  5 :'.>:«  ::'  t::-?-*^  Iv'ter  l>?\'.iti'i'S  are.  bv  SeUrwiok. 
r'.vs?r!'->l  ^s  byr ".'::?  ^tr^M.  b:I>w  t1.^  bis.?  of  the  C.fcHkbriia. 
Mir :':.:>  n  :;-.TA-v?r.  i:v  :':-r  nr^  eii:::-n  "f  his  Sihiria.  alir-tel  ih-? 
suj^->::  1  :■:  r»e  I*  IV-?'-!^  r.hi:  Tiivv  rhirii-elvvs  were  ahiz-r'i- i  Ci^n- 
br:*:i  i?"r.i:\.  In  fv::  they  lir ■  ::ly  un  K-rlie  the  Llinleilo  ro?ks,  unl 
were  'iM:«\rer.:'.v  o::»:f:v-.~l  by  Murohis-r'n  to  represent  tbe  -Jownwirl 
co:i'in:\*i:»n  :!  these.  up.:ii  wh;-:h  he  hil  in«isteti.  This  '"^piaitu  is 
snT'i  ■"■r"'- 1  bv  in^eni  MS  Ar::u:nea:»  on  the  pin  of  B^\m*iy.  (M-rm- 
Ge.'l.  Sirv.!  vol.  iii.  pin  -.  pi<>ini.'  I  ani  howevt?r  -lisp-se'l  t=? 
roL'^ri  them,  with  S-l^wiok  an  I  Phillips,  as  of  pre-C.Miibri.iTi  a:;^, 
an-l  I"  o.inpire  them  with  the  Iliironian  series  of  Nonh  Aiuerica, 
wliich  O'.-ciipi-s  a  siniilar  j^eolj-rical  h'.iriz'Mi,  and  with  which,  as  se^^n 
in  >or!heni  Mi'.liig^n.  and  in  tl»e  Green  >Liuntains.  I  have  found  the 
rocks  of  An^le.>ea  to  offer  remarkable  lithvlvgicil  resemblances^ 

It  may  h-re  ha  noticed  that  the  <r'-'Id-l;»earin;j  ijuartz  veins  in 
North  Wales  are  found  in  the  Menevian  l>edsj  and  also,  jiecorliii:;  i) 
S^-lwyn,  throughout  the  LinguLi-lliiijs.  Those  fossiliferous  strita  at 
iLo  gold-mine  near  Dolgclly  appear  in  direct  contact  with  Jioritts 


Prof.  T.  Sterry  Hunt — On  Cambrian  and  Silurian.      509 

and  cbloritic  and  talcose  schists,  which  are  more  or  less  cupriferous, 
and  themselves  also  contain  gold-bearing  quartz  veins.  (Mem.  Geol. 
Snrv.,  part  2,  pp.  42,  45  ;  and  Siluria,  4th  ed.,  pp.  450,  547.) 

The  Table  on  p.  510  gives  a  view  of  the  Lower  Palaeozoic  rocks  of 
Great  Britain  and  North  America,  together  with  the  various  nomen- 
clatures and  classifications  referred  to  in  the  preceding  pages.  In 
the  second  column,  the  horizontal  black  lines  indicate  the  positions  of 
the  three  important  paleeontilogical  and  stratigraphical  breaks 
signalized  by  Ramsay  in  the  British  succession.  (Mem.  Geol.  Surv., 
vol.  iii.  part  2,  p.  2.)  In  a  table  by  Davidson  in  the  Geological 
Uagazinb  for  1868  ( VoLY.  p.  305),  showing  the  distribution  of  organic 
remains  in  these  lower  rocks,  he  gives,  as  the  Ffestiniog  group  of 
Sedgwick,  only  the  Dolgelly  and  Maentwrog  beds  of  Belt  (the 
Upper  and  Middle  Lingula-flogs) ;  and  makes  of  the  two  divisions  of 
the  Tremadoc  rocks  a  separate  group ;  the  whole  being  described  a8 
the  Upper  Cambrian  of  Sedgwick.  This,  however,  is  not  the  present 
grouping  and  nomenclature  of  Sedgwick,  nor  was  it  his  earlier  one. 
So  far  as  regards  Middle  and  Upper  Cambrian,  this  discrepancy  is  ex- 
plained by  the  fact  already  stated,  that,  in  1843,  Sedgwick  proposed, 
as  a  compromise,  the  name  of  Cambro-Silurian  for  his  Bala  group, 
previously  called  Upper  Cambrian  ;  by  which  change  the  Ffestiniog 
or  Middle  Cambrian  became  Upper  Cambrian.  When  the  true  re- 
lation between  the  Lower  Silurian  of  Murchison  and  the  Bala  group 
was  made  known,  Sedgwick,  as  we  have  seen,  re-claimed  for  tlie 
latter  his  former  name  of  Upper  Cambrian  ;  but  this  had  meanwhile 
been  adopted  for  the  Ffestiniog  group,  in  which  sense  it  is  still  used 
by  Lyell,  Pliillips,  Davidson,  Harkness,  and  Hicks.  The  Ffestiniog 
group,  or  Middle  Cambrian,  as  defined  by  Sedgwick,  however,  in- 
cluded not  only  the  whole  of  the  Lingula-flags,  but  the  Upper  and 
Lower  Tremadoc  rocks.     (Philos.  Mag.,  iv.  vol.  viii.  p.  362.) 

The  only  change  which  I  have  made  in  the  groupings  of  the 
Britisli  rocks  adopted  by  Sedgwick  and  Murchison  is  in  separating 
the  Menevian  or  Lower  Lingula-flags  from  the  Ffestiniog,  and 
uniting  it  with  the  Bangor  group  or  Lower  Cambrian.  In  this  I 
follow,  with  Lyell  and  Davidson,  the  suggestion  of  Salter  and  Hicks. 

In  the  third  column,  the  sub-divisions  are  those  of  the  New  York 
and  Canada  Geological  Surveys ;  in  connexion  with  which  the  reader 
is  referred  to  a  table  published  in  1863,  in  the  Geology  of  Canada, 
p.  932.  Opposite  the  Menevian  I  have  placed  the  names  of  its 
principal  American  localities ;  which  are  Braintree,  Mass.,  St.  Jghn, 
New  Brunswick,  and  St.  John's,  Newfoundland.  With  regard  to 
the  classification  of  Angel  in,  it  is  to  be  remarked  that  although  he 
designates  II.  as  Rcgio  Olenorumy  and  III.  as  Regio  CoHocorypharum, 
the  position  of  these,  according  to  Linnarsson,  is  to  be  reversed  ;  the 
Conocoryphe  beds  with  Paradoxides  being  below  and  not  above 
those  holding  Oienua.  The  Regio  Fucoidarum  in  Sweden  has  lat^jly 
furnished  a  Brachiopodous  shell,  Lingala  monili/eray  besides  the 
curious  plant-like  fossil,  Eophyton  Linnaanum,  (Linnarsson,  Geol. 
Magazine,  1869,  Vol.  VL  p.  393.) 
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L — The  Stbata  bklow  the  Trias  in  the  oouirrBT  abound 
Liverpool;  and  the  probability  op  Coal  ocoxtbbinq  at  a 
MODERATE  DEPTH.  By^  Q.  H.  MoRTON,  F.G.S.  [A  Paper 
read  before  the  Liverpool  Literary  and  Philosophical  Society, 
1873.] 

AFTER  mentioning  two  papers  on  this  same  subject  by  E.  W. 
Binney,  Esq.,  F.R.S.,  Mr.  Morton  explains  the  use  of  the 
Grovemment  Geological  Survey  Maps,  and  gives  from  them  a  table 
of  the  strata  as  they  occur  in  the  country  bordering  the  Dee  and 
Mersey,  in  ascending  order,  viz. : — 
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'Silurian 
Devonian     ... 
CarbaniftrouB 
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Permian 
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Trio* 


Wenlock  Shale       ...    

Old  Red  Sandstone 100 

Carboniferous  Limestone       ...1200 

Millstone  Grit        1000 

Lower  Coal  Measures    ISOO 

Middle    or     Productive    Coal 

Measures     ...     ...1500 

Upper  Coal  Measures    1200 

Permian  Sandstone 300 

Permian  Marl 60 
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400 
350 
400 
450 
100 
50 
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Lower  Buntor... 

Pebble  Beds 

Upper  Bunter 

Keuper  Sandstone 

Keuper  Marl 

Superficial  Accumulations 

The  Carboniferous  strata  have  in  places  suffered  great  denudation. 
The  whole  series  6700  feet  in  thickness  hns  been  denuded  from  the 
Wenlock  Shale  of  Denbighshire  and  Flintshire,  where  it  formed  an 
anticlinal  curve,  and  only  scattered  patches  of  the  Limestone  are  left 
at  the  base  to  indicate  their  former  position.  More  to  the  N.E.  there 
is  less  elevation,  and  consequently  such  a  reduced  denudation 
that  a  fringe  of  Coal  Measures  occurs  along  the  S.W.  of  the  Dee. 
Still  further  to  the  N.E.,  in  Wirral,  the  New  Ked  Sandstone  comes  in, 
overlying  the  Coal  Measures,  which  seem  fully  developed  and  unde- 
nuded.  The  Coal  Measures  continue  thus  relatively  depressed  until 
thrown  up  by  a  great  fault  to  the  E.  of  Liverpool,  where  the  Trias 
and  Permian  have  been  denuded. 

The  author  next  alludes  to  several  pa])ers,  which  the  present  state 
of  the  8up])l3'  of  Coal  has  called  forth,  and  jK)ints  out  that  none  of 
them  question  the  occurrence  of  the  Coal  Measures  beneath  the  Trias. 

The  Coal  Measures,  it  seems,  however,  do  not  always  underlie  the 
New  Red  Sandstone,  as  proved  by  numerous  sections  in  North  Wales, 
where  the  Carboniferous  Strata  has  been  deeply  denuded,  and  in 
some  places  entirely  removed  before  the  deposition  of  the  Permian 
an<]  Trias. 

This  great  denudation  of  the  Carboniferous  Strata  on  the  S.W.  of 
the  Dee  has  lx»en  caused  by  the  uplieaval  and  consequent  exposure 
of  the  country  to  denuding  influences,  while  the  Coal  Measures  in 
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the  X.E.,  owing  to  tho  remarkable  dip  of  the  strata,  were  protected 
in  a  flepression,  probably  beneath  the  sea. 

Mr.  Morton  next  gives  four  sections  tending  to  prove  that  the 
Coal  Measures  lie  fully  developed  beneath  the  Trias. 

1.  Sections  at  Sutton  St.  Helens.  Here  the  lowest  strata  visible 
are  the  Upper  Coal  Measures,  dipping  at  various  angles  from  6°  to 
12';  and  underlying  the  Permian,  which  is  supposed  to  be  aboat 
350  feet  thick.  About  five  miles  K.E.  of  this  locality,  at  Edge 
Green,  near  Wigan,  there  has  been  considerable  denudation  of  the 
Coal  Measures ;  the  "  Main  Delph  Coal "  being  reached  at  a  depth 
of  only  475  feet. 

2.  Section  at  Halsne.ad.  The  section  represents  a  line  across  the 
countr}'  8<juth  of  Huyton  Quarr^'.  But  the  succession  of  the  strata 
is  not  so  distinct  as  at  thut  place,  on  account  of  the  land  being  every- 
where covered  with  drift.  Ilie  Upi>er  Coal  Measures  occur  here,  and 
seem  to  l>e  1200  feet  thick.  They  are  succeeded  by  the  Lower 
Bunter  Sandstone,  but  there  is  suiHcient  unproved  ground  for  the 
Permian  to  crop  out  between  it  and  tlie  Upper  Coal  Measures. 

3.  Section  at  Thatt^s  Heath.  Here  the  Middle  Coarl  Measures  are 
thrown  up  by  a  great  fault.  This  dislocation  cannot  have  destn>ye<l 
any  of  the  strata.  Ix'ing  a  simple  fracture,  leaving  the  order  of 
succession  on  both  sides  of  tho  fault  unchanged.  And  since  at 
Sutton,  within  two  miles,  tho  Upper  Coal  Measures  and  the  Permian 
are  both  fuller  exposed,  these  formations,  along  with  the  hijj^ht'r 
Cual-s«';uiis  alxive  the  Kavenshead  liods,  and  tlie  Permian,  haw  ull 
boeii  (l«*im«l<Ml,  alniior  with  tlie  Trias,  from  off  the  MiiUlIe  or  j)ro- 
ductivL*  Coal  Mt.'asurt*s  oxliihitod  in  tlie  section. 

4.  S'-erion  at  Denna.  Little  Neston.  This  intersects  the  bonn»l:irv 
fault  lx'twi*f.*n  the  Bunter  Pebble  Beds  and  the  IMiddle  (W 
Measures.  The  Upper  Coal  Measures  and  probal.)ly  the  Permian 
have  been  denude<l  on  the  S.W.  of  the  fault,  but  underlie  on  the 
N.E.  At  Shorwick,  about  four  miles  8  K.  from  Neston,  a  iK^rinj; 
made  for  Toal  proved  the  Lower  Bunter  to  Ixj  olO  feet,  and  to  R-st 
upon  the  C<»al  Pleasures. 

Fn»ni  these  lour  sections  Mr.  Morton  infers  that  there  are  Coal- 
fieMs  heiieath  the  Trias,  and  concludr's  with  a  few  remarks  as  to  the 
practieahility  of  working  them. — B.B.W. 


11. rKOCKKDINGS  OF  THK  BlUSTOL  NATURALISTS*  SoCIETY,  Vol.  vii., 

part  2,  June  t:)  DoeenikT.  }S72. — In  this  little  work  Mr.  K.  B. 
Tawney,  F.(i.S..  records  his  discovery  of  Znophycus  scnparim 
(Tliolliere),  a  ])Iume-sliMj)ed  Wy^a,  in  the  Inferior  Oolite  of  Dundry. 
This  s|)e(Mes  is,  so  far  as  he  kiK^ws,  new  to  Eni^lish  ;^eolo<j:y,  but  it 
is  extremely  cllaracteri^tio  of  the  Inferior  Ooolite  in  the  Alps 
of  the  (!ant()n  do  Vaud,  bein;'  sometimes  almost  the  only  fossil  to 
\iO  lound  ill  those  beds.  It  is  also  characteristic  of  tho  Inferior 
Oolite  (Bajoeien)  in  the  South  of  Franco. 

Mr.  Tawney  also  contrihutes  some  notes  on  tho  Upi)er  Greensand 
IWsiJs  in  the  Bristol  Muh^juui. 
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ILL — Ths  Amsrioan  Assooiattok  vob  the  Adyanoement  or  Soibngb  ; 

August  20th,  1873.    Pobtland,  Maine. 

Notes  ok  the  Fbuotifioation  or  Sigillabia. — At  the  meeting  of 
the  American  Association  in  Portland^  Principal  Dawson  exhibited 
Etnd  described  a  specimen  of  Sigillaria  from  Cape  Bi-eton,  ex- 
hibiting zones  of  marks  of  fructification  on  the  stems  and  branches, 
bi  the  manner  of  S.  elegans  and  S,  Lalayana,  and  other  species,  to 
which  the  species  in  question,  S,  Lorwayana,  is  closely  allied.  He 
pointed  out  that  these  fruit-scars  are  really  modified  leaf-scars,  and 
that  they  could  not  have  borne  strobites  or  modified  branches,  but 
may  have  produced,  single  nuts  of  the  nature  of  Trigonocarpa,  or 
flattened  racemes  of  such  fruits  like  Trigonocarpum  racemoaum^  or 
some  Antholithes,  which  seem  to  be  modified  leaves  with  marginal 
fruits,  structurally  resembling  the  fertile  leaves  of  Cycads.  These 
points  will  be  more  fully  brought  out  in  a  forthcoming  Beport  of 
the  Geological  Survey  of  Canada.  They  confirm  the  views  already 
stated  by  the  author  in  his  "  Acadian  Geology,"  and  were  supported 
in  the  discussion  by  facts  from  the  Coal-fields  of  Ohio,  stated  by 
Dr.  Newberry,  and  shortly  to  be  published  by  him  in  the  Beports  of 
the  Survey  of  that  State. 


Whitaker's  Geologioal  Model  of  London. 

UNTIL  within  the  last  twelve  months,  the  work  of  the  Geological 
Survey  in  connexion  with  the  surface  geology  of  the  London 
district  was  unknown  to  the  world  at  large.  The  nature  of  the 
ground  at  the  surface  in  any  given  district  of  the  metroj>oli8  and 
its  sifburbs,  the  range  and  thickness  of  the  loams,  graveLs,  and 
superficial  clays,  and  the  questions  of  hygienic  geology  connected 
with  them,  were  only  to  be  settled  by  the  outside  world  in  an. 
empirical  manner,  unless  the  excellent  maps  and  sections  by  Mr. 
Mylne  gave  the  desired  information.  The  principle  upon  which 
the  Survey  work  has  been  conducted  could  hardly  be  expected 
to  he  in  advance  of  the  age,  and  hence,  with  one  exception,  the 
maps  of  the  London  district  which  we  have  hitherto  had  have  only 
represented  the  so-called  solid  geology  of  the  area.  London  has 
suffered  largely  from  this  curious  division  of  labour.  Until  the 
last  year  there  was  no  delineation  of  those  important  surface  ac- 
cumulations of  marine  and  fluviatile  material,  varying  from  ten  to 
twenty  feet  in  thickness,  which  have  such  an  enormous  spread  about 
London,  and  largely  determine  the  sanitary  character  of  the  area, 
whilst  they  are  also  connected  wilh  the  foremost  geological 
questions  of  the  present  day.  Within  the  last  few  months,  however, 
and  for  the  first  time,  a  complete  representation  of  the  geology  of 
London,  with  all  the  aids  of  colour  and  relief  contour,  has  been 
produced  under  the  auspices  of  the  Surv<*y.  A  large  block- model, 
showing  both  the  superficial  and  solid  geology  of  the  metropolis,  has 
been  placed  in  the  Museum  of  Practical  Geology  in  Jermyn  Streets 
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It  is  the  work  of  Mr.  W.  Whitaker,  B. A.,  F.G.S-,  whose  Menunr  on 
the  Chalk  and  Eocene  Beds  of  the  London  Basin  is  alone  a  suffident 
monument  for  a  geologist  to  leave  behind  him.  Mr.  Whitaker  bu 
been  admirably  seconded  in  the  constructive  part  of  the  work  by 
Mr.  J.  B.  Jordan,  of  the  Mining  Heoord  Office.  The  Model  is  lo  im* 
portant  in  its  scientific  aspects,  and  at  the  same  time  so  pictorial 
and  popular  in  treatment,  as  to  deserve  special  recognition  sod 
welcome,  and  a  description  of  its  more  novel  features. 

The  surface  of  the  Model  exhibits  the  160  and  odd  square  nulei 
of  ground  which  may  fairly  be  called  metropolitan.  Near  tiw 
four  corners  of  this  vast  residential  quadrangle  are  Hampsiead  (N.W.), 
Wimbledon  (S.W.),  Great  Ilford  (N.E.),  and  Shooter's  Hill  (S.E). 
All  these  places  are  well  within  the  district  represented.  Hie 
horizontal  scale  is  no  less  than  six  inches  to  the  mile — a  good 
liberal  allowance,  and  one  which  will  make  the  Model  of  real 
service  for  the  study  and  reference  of  Londoners.  The  length 
(E.  and  W.)  is  seven  and  a  half  feet  (15  miles),  and  the  breadth 
(N.  and  S.)  five  and  a  half  feet  (11  miles).  The  excellent  six-inch 
topographical  maps  of  the  Ordnance  Survey  have  been  coloured 
geologically  by  Mr.  Whitaker,  and  fitted  on  to  the  plaster  contours  of 
the  ]VIodel.  Tlie  difTereuco  between  landscape  contours  as  shown 
on  the  plane  surface  of  a  map,  and  the  same  contours  shown  in  the 
vertical  relief  of  a  model,  is  one  which  will  be  appreciated  by  that 
increasing  class  of  the  general  public  who  frequent  the  Jermyn 
Street  Museum  Tor  educational  purposes. 

Owing  to  the  very  moderate  heights  to  which  the  land  rises  aboui 
London,  the  vertical  scale  has  been  exaggerated  four  times  and  a 
half,  so  as  to  give  200  feet  to  an  inch.  Even  with  this  enlargement, 
one  is  struck  with  the  lowness  of  the  hills,  or  rather  undulations 
and  the  depressed  appearance  of  the  whole  district.  That  low  and 
solitary  mound  in  the  S.E.  corner,  coloured  red,  is  Shooter's  Hill- 
quite  an  important  eminence  in  London  landscajies.  The  generally 
wasted,  reduced,  and  flattened  appearance  of  the  entire  area  conveys 
its  own  conmiont  upon  the  softness  of  the  rocks,  and  their  suscepti- 
bility to  meteoric  agencies — rains,  rivers,  and  frosts. 

The  Model  also  shows  the  subterranean  geology  of  London  to  a 
dcjith  of  more  than  1100  feet.  To  do  this  so  as  to  show  important 
points  which  lie  in  the  centre  of  the  district,  an  ingenious  arrange- 
ment has  been  adopted.  The  Model  has  been  divided  vertically  into 
nine  pieces.  Of  these  the  inner  ones  can  be  hoisted  up  by  simply 
turning  a  handle.  The  jueces  thus  exposed  show  us  the  deejier 
geology  of  L(mdon  at  such  interesting  spots  as  the  Kentish  Town 
well-boring  (1113  feet).  In  every  case  care  has  been  taken  to  carry 
the  sections  through  the  most  instructive  points.  All  the  sections, 
too,  are  carried  do\^Ti  through  the  Eocene  beds,  the  Chalk,  and  the 
Upper  Greensand  to  the  Gault.  a  point  at  which  our  knowleilge  of 
London  geology  is  for  the  present  at  a  stand-still.  The  total  length 
of  the  sections  drawn  (not  counting  the  duplication  of  some  on 
opposite  faces)  is  over  52  feet,  or  about  lOo  miles. 

The  reason  of  the  persistent  growth   of  London   along  certain 
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areas  in  preference  to  others  is  made  very  apparent.  Mr.  Prestwich,  in 
his  admirable  Presidential  Address  to  the  Geological  Society  last  year, 
entered  into  sonM  interesting  details  to  show  how  unerringly,  up  to 
the  time  of  the  great  Water  Corapanies,  the  population  had  followed 
the  great  gravel-bed  on  either  side  of  the  Thames.  "A  map  of 
London  so  recent  as  1817  shows  how  well  defined  was  the  extension 
of  houses  arising  from  this  cause.  Here  and  there  only  beyond  the 
main  body  of  the  gravel  there  were  a  few  outliers,  such  as  those  at 
[alington  and  Highbury ;  and  there  habitatixMis  followed.  In  the  same 
wsy  south  of  the  Thames  villages  and  buildings  were  gradually  ex- 
tended over  the  valley-gravels  to  Peckham,  Camberwell,  Brixton, 
ind  Clapham ;  whilo,  beyond,  houses  and  villages  rose  on  the  gravel- 
sapped  hills  of  Streatham,  Denmark  Hill,  and  Norwood.  It  was 
act  until  facilities  were  given  for  an  independent  water  supply  by 
;he  rapid  extension  of  the  works  of  the  great  Water  Companies  that  it 
became  practicable  to  establish  a  town  population  on  the  clay  districts 
rf  SoUoway,  Camden  Town,  Eegent's  Park,  St.  John's  Wood,  West- 
tx>nme,  and  Netting  Hill."  The  valley  of  the  Lea  shows  the  same 
geological  causes  at  work  localizing  the  population  in  accordance 
vrith  the  primary  need  of  life.  A  little  outside  the  northern  limits 
af  the  Model  we  should  find  the  presence  of  the  gravel-beds  indicated 
by  the  more  or  less  historical  settlements  of  Hendon,  Stanmore, 
E^chley,  Bamet,  Totteridge,  Whetstone,  and  Southgate. 

The  spread  of  the  river-gravels  and  loams  up  the  gentle  slopes  of 
the  Thames  Valley  several  miles  on  either  side,  and  to  a  height  of  at 
least  80  feet,  tells  its  own  story  as  to  the  former  width  of  the  pre- 
historic river  which  was  the  precursor  of  the  present  diminished 
stream.  The  vivid  nuinner  in  which  the  old  and  not  yet  obsolete 
physical  geography  of  the  country  is  pictured  is  one  of  the  great 
merits  of  the  Model.  Perhaps  the  great  superiority  of  a  model  over 
a  plane  surface  consists  in  the  fact  that  it  puts  before  us  the  actual 
dynamical  conditions  to  which  the  landscape  is  subject,  and  under 
which  the  contours  of  one  age  are  gradually  passing  into  those  of 
another. 

The  gravels  of  this  part  of  England  form  at  present  an  unwritten 
chapter  of  Post-glacial  geology.  Speaking  broadly,  it  may  be 
said  that  the  first  term  in  tlie  scries  is  that  accumulation  of  the 
Glacial  Period  which  underlies  the  chalky  clay.  This  deposit  (the 
«*  Middle  Glacial  of  the  South-east  of  England,"  as  Mr.  S.  V.  Wood, 
jun.,  has  named  it)  is  the  great  fund  from  which  the  subsequent 
accumulations  in  all  their  varieties  have  been  drawn.  But  between 
this  genuine  glacial  gravel  (mostly  flint,  but  with  foreign  rocks  and 
an  abundance  of  the  Oxford  Clay  Gryphea)  and  the  valley-gravels, 
with  their  remains  of  Mammoth  and  Rhinoceros,  the  process  of 
assortment  and  removal  to  lower  levels  has  given  rise  to  local 
tnodifications  of  a  marked  kind.  Tliese  local  characters  which  the 
gravels  put  on  in  and  around  London  doubtless  represent  a  long 
t>eriod  of  great  changes  in  the  hydrographical  and  terrestrial  con- 
ditions of  the  country,  and  open  paths  of  investigation  which  will 
be  well  worth  following  up.    AVe  look  forward  to  t\i^  iQxNJsi'awxivcv^ 
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Memoir  on  the  Drifts  of  the  district  for  a  careful  classification  of  Ae 
gravels.  All  that  we  could  look  for  in  the  Model  is  the  disdntitiai 
hetween  the  gravel-beds  proper  and  the  pebble-beds.  Of  the  bte 
8booter*8  Hill  is  given  lis  as  an  example.  Like  the  pebble-beds  it 
Hampstoad  Heath,  Barnct,  Totteridge,  and  elsewhere,  it  is  formed  of 
local  materials,  and  may  be,  as  Mr.  Searlcs  Wood,  jun.,  once  sng- 
gestod,  a  second-hand  accumulation  of  the  Bagshot  beds.  Thb 
woiihl  agree  willi  the  prior  date  which  is  assigned  to  the  pebble 
bods  as  against  the  Glacial  gravels.  Although  they  may  have  htm 
disturbed  during  the  Glacial  Period,  the  pebble-beds  have  not  bes 
adulterated  with  rocks  foreign  to  the  district. 

The  Tliames  Vnllc}',  as  seen  in  the  Model,  is  in  its  way  a  seMi- 
tion.  Whatever  may  have  been  the  condition  of  the  earlier  valley, 
and  whether  or  not  it  may  have  been  more  symmetrical  than  now,— 
as,  for  instance,  when  the  river  was  cutting  dow^n  its  bed  from  the 
liigher  to  the  lower  terraces  which  may  be  seen  at  Acton  and  Ealing 
to-day, — certainly  a  very  feebly-marked  main  valley  is  all  th*t 
remains  for  the  study  of  Quaternary  geographers.  We  see  before 
us  an  extremely  wide,  irregular,  and  shallow  depression,  with  no 
traces  of  the  sides  of  a  containing  trough,  and  a  generally  minoitf 
condition  of  the  rocks  on  either  side — a  good  contrast  to  those  dis^ 
tricts  of  our  island  whore  harder  rocks  narrow  and  dee|)en  the  acticn 
of  the  streams.  Nothing  but  a  model  can  give  a  true  idea  of  die 
so-called  Thames  Valley. 

It  would  greatly  ad<l  to  the  value  of  this  Model  if  a  card  were 
affixed  to  it  l^eariiig  a  few  notes  on  tlie  characteristic  latidscape  con- 
tours of  the  district  and  their  goolotrical  causes.  Such  U'Ues  have 
bcL'n  alreadv  emboilicd  ])>-  Mr.  Wliitaker  in  the  Memoir  of  the  Ch.'ilk 
and  Eocene  Beds  of  the  London  Basin,  already  referred  tt^,  and  miirht 
well  be  reproduced  in  elucidation  of  tlio  I^Iodel.  L«.*t  the  visitor, 
for  instance,  refer  to  tlio  south  a'ulo  of  the  Model,  whore  Shcwteri 
Ilill  is  shown  in  vertical  section.  IIo  will  observe  that  this  eminence 
is  an  example  of  the  fact  that  tho  stratignijOiical  arran*;ement  ol'th-^ 
bods  is  often  tlie  reverse  of  the  contours,  and  that  a  g«*ologioal  liill  i^ 
often  in  a  geogmphioal  tron^^h.  Let  him  comi>are  this  fact  with  the 
following  note  :  "  When  the  boils  have  been  thrown  into  die  tonn  of 
a  trough  or  basin,  be  it  ever  so  gentle,  there  they  oppose  greater 
resistance  to  denudation  from  their  inward  dip."  (Whitaker,  Mcmvir. 
pj).  ttiH),  ooi).) 

Elsewhere  Mr.  Whitaker  has  p(»inted  out  how  Blaekhoath  anil 
similar  shingly  areas  assert  the  tendency  of  the  pebble-In.' J8  aiid 
gravi'l-(l(iposit8  to  form  fiats. 

The  gently  rising  hills  of  the  London  Clay  are  thus  explained; 
"Eunnations  which  are  of  nnifonii  stnieturo  throughout,  anil  com- 
paratively thick  an«l  wiile-.*<j>rfadin;r»  generally  give  rise  to  a  more  or 
less  undulating  country.  The  London  Clay,  though  tenacious,  is 
prone  to  slip,  and  ciinnot  sujjport  a  high  angle  of  sh.i2)e." — Memoir, 
p.  .'^>r>G. 

'J'ho  form  of  the  ground  around  London  has  a  distinctive  and  ex- 
pressive   physiognomy    of    its    own,    and    a    selectiou     of   such 
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lemoranda  as  these  would  give  to  the  geological  stadent  the  clues 
)  the  landscape  oootoars  of  the  whole  district  How  mach  can  be 
one  by  appxoadiing  the  stady  of  geology  on  its  picturesque  side!  s 
fell  shown  in  that  remarkable  volume  of  Mr.  Buskin's  Modem 
^lainters,  entitled  ''  The  Mountain  Oloiy/'  a  work  we  were  pleased 
b  see  alluded  to  in  Mr.  Whitaker^s  "Memoir."  It  seems  to  us  that 
hose  who  seek  to  educate  the  eye  by  the  observation  of  land  con- 
Durs  are  possessing  themselves  of  the  great  principles  of  geology 
rj  the  true  inductive  process.  Why  physical  geography  is  not 
inght  in  field  classes  in  our  great  public  schools  as  the  natural 
btroduotion  to  the  study  of  geology  is  one  of  the  mysteries  of  our 
present  system  of  education.  What  could  be  a  better  change  from 
ndoor  school  studies  than  the  outdoor  pleasures  of  tracing  the  hiutory 
if  the  local  landscapes,  as  registered  in  the  forms  of  the  ground — ^the 
pleasures  of  marking  the  effect  of  the  meteorological  forces,  and  the 
endency  of  each  formation  to  weather  into  its  own  particular  eou- 
oar  or  level  of  hill,  valley,  or  plain  ?  Perhaps  the  beginning  of  a 
letter  state  of  things  is  being  initiated  by  Prof.  Ramsay's  "  Physical 
leoldgy  and  Oeography  of  Great  Britain,"  and  by  the  construction 
f  geological  models  of  limited  districts  on  a  large  scale. 

It  only  remains  to  be  said  that  in  this  great  work  we  have  for  the 
ixat  time,  in  the  double  form  of  map  and  model,  and  on  a  grand  scale, 
.  complete  representation  of  the  superficial  and  solid  geology  of 
jOvidoD.  The  adoption  of  a  horizontal  scale  of  such  magnitude  as 
ix  inches  to  the  mile,  instead  of  the  toy-like  dimensions  of  so  many 
Qodels^  cannot  be  too  highly  commended.  It  is  not  too  much  to  say 
hat  among  those  geologists  who  are  indebted  for  all  their  facts  to 
liginal  observation  in  the  field,  Mr.  Whitaker  is  the  only  one  who 
omd  have  undertaken  such  an  enterprise.  The  Jermyn  Street 
ftiseum  now  possesses  a  geological  model  of  London  which  is 
rorthy  oi  the  subject  and  the  Survey*  Its  educational  value  is 
imply  inestimable. — Heubt  Walker. 
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. — ^Bbtttsh  Association  fob  thi  Advanctrmknt  of  Science*  Fobtt- 
•  THiBB  Meeting,    Bradford,  September   18th  —  24th,  1873. 
Titles  of  Papers  Read  or  sent  to  be  Read  in  Section  G. 
(Oeolooy). 

FrendetU — Professor  John  Phillips,  M.A.,  D.C.L.  (Oxod.),  LL.D^  Comb,  and 

Dublin,  F.R.S.,  F.G.8. 

Inaugural  Address  by  the  President,  Professor  Phillips,  FJl.S. 
Printed  in  extenso  in  October  Number,  Geol.  Mag.,  1873,  p.  473.) 

i  Utge  Geological  Map  of  the  British  Isles  was  presented  to  the  British  AssociatioQ 
Dj  the  Local  Committee,  and  was  exhibited  in  the  room. 

?.  RuueU^  C,E,t  F,G.8.,  K,M,  Oeologieal  Survey— Oeology  of  the  Country  around 

Bradford. 
ToAh  Brigg, — Geological  Sketch  of  Bradford  and  the  Neighbourhood. 
S#v.  /.  F,  Blak$f  F.0,8, — Additional  Bemains  of  Pleistocene  Mammals  in  Torkshire. 


518  ReporU  and  Proeeedings — 

/.  R,  J)aJiyHs.—\  SkeU^  of  the  Geology  of  put  of  CxmTeo,  comprisiiig  the  Cwiby 

about  Xeiffhley,  Skipton,  and  GneoBgtoiL 
IT.  B.  Brad^.F.L'S,,  F,G,S.— Or  Arch^tditem  Karreri^  a  New  Type  of  Cntai- 

feroos  Foraminifera. 
W,  Penally,  JliS.^.— Ninth  Report  ef  the  Committoe  f«r  the  Exploiatioii  of  XoTi 

Cavern,  Torquay. 
W.  Boyd  DatckiMs^  P.R.S.—Ueport  of  the  Settle  Cave  Committee. — Note  on  tbaxilr 

of  the  increase  of  Stalagmite  in  the  Ingleboroueh  Cave. 
J>r.  Leith  Adams,  f.i?.^.— Concluding  Report  on  Maltese  Foasil  Elephants. 
jr.  Boyd  J)awkin$,  F.B.S.— The  Relation  of  the  Pleistocene   Mammalia  to  tb 

Glacial  Period. 
Ren.  H.  JK  Croukey,  F.G.S.— depart  of  the  Boulder  Committee. 
n'.  GomtraaU. — The  round  Boulder-clay  Hills  of  Craven. 
W.  T.  Blanfard,  F.G.S. — On  some  Evidence  of  Glacial  Action  in  Tropieal  India  ii 

I^alaiozoic,  or  the  oldest  Mesozoic  times. 
/.  Thofnson^  ^.(7.5.— Report  on  the  Investigation  of  Carboniferoua  Corala. 
/.  E,  Taylor,  F.G.S. — The  Occurrence  of  Elephant  Remains  in  the  Baaement-bcd  «f 

the  Suffolk  Red  Crag. 
Frofisi^or  Harknest,  F.R.'S.—On  Faults  in  the  Permian  Sandstone  in  the  lower  por- 
tion of  the  Vale  of  the  Eden,  Cumberland. 
Prof€S9or  A.  S.  Her*ehel,  F.R.A.S.,  and  G.  A.  Zebour,  F.O.S. — ^Notes  oa  so» 

Experiments  on  the  Conducting  Power  for  Heat  of  certain  Rocks. 
n'.  Topley,  F.G.S.y  and  G.  A.  Labour,  F.G.S.— On.  the  Whin  Sill  of  NorthumheriiBi 
T.  Moffatt,  M.I).,  F.G.S.^On  Geological  Systems  and  Endemic  Diseases. 
X.  C.  Miail. — Report  on  the  Labyrinthodonts  of  the  Coal-measures. — Part  L-^Ot 

the  General  Structure  of  the  Labyrinthodonta. 
B'.  Jlome. — On  the  Occurrence  in  the  Yoredale  Rocks  of  Wenslejrdale  of  Fiih  ud 

Amphibian  Remains. 
ff.  Woodurard,  F.R.S. — Seventh  Report  on  Fossil  Crustacea  (see  p.  620). 
if.    Jroodward,  F.R.S.  and  R.  Etheridye,  jun,,  F.G.S.— On  some  New  Speeiei  «f 

Phyllopodous  Crustacea  belonging  to  the  Genus  Dithyroean't  from  the  Carten- 

ferous  Series,  with  Notes  on  others  already  described  (see  p.  482). 
IT.  Wooduard,  F.R.S. — On  some  Intermediate  Forms  between  Birds  and  Reptile. 
W.  Jolly. — Second  Report  on  the  discovery  of  Fossils  in  certain  remote  parts  of  the 

North- Western  Highlands. 
IT.  Rieksj  F.G  S. — On  the  Arenig  and  Llandeilo  Rocks  of  St.  David^s. 
/.  Hopkinson,  F.G.S. — On  some  Graptolitcs  from  the  Upper  Areuig  Rocks  of  Rim&y 

Island,  St.  David's  (see  p.  518). 
/.  Eopkiuson,  F.G  S. — On  the  Occurrence  of  Numerous  Species  of  Graptohtes  m  the 

Ludlow  Rocks  of  Shropshire  (see  p.  519). 
J.  Logan  Lohley,  F.G.S. — On  the  British  Paheozoic  Arcadof. 
Dr.  Bryee,  F.G.S. — Report  on  Earthquakes  in  Scotland. 
Frofvasftr  J.  Tmnatii,  F.G.S. — Notes  on  Diamonds  in  South  Africa. 
Baron  Von  Richthofvn. — The  Loess  and  Salt  Basins  in  Northern  China. 
W.  Whitaker.B.A.,  F.G.S. — Note  on  the  Occurrence  of  Thanet  Sand  and  Crag  in  th« 

North-Wcst  Corner  of  Suffolk  (Sudbury). 
/.  W.  EIUa. — Note  on  Stump  Cross  Caverns,  at  Grecnhow,  near  Pateley  Bridge 


II. — "On  S03IE  Graptolites  from  the  Upper  Arenig  Bocks  of 

Eamsey  Island,  St.  David's."     By  John  Hopkinson,  F.G.S.. 

F.R.M.S. 

At  tho  meeting  of  the  British  Association  at  Brighton  last  year 

the  author  gave  an  account  of  a  number  of  Graptolites  which  had 

recently  been  found  in  the  Arenig  rocks  of  Ramsey  Island  and 

Whitesand  Bay,  n«nr  St.  David's,  and  these  beds  were  shown  to  be 

more  nearly  allied  by  their  Graptolitcs  (of  which  twenty-two  species 

belonging  to  nine  genera  were  enumerated)  to  the  Quebec  rocks  of 

Canada  than  to  their  British  representatives,  the  Skiddaw  slates  of 

Cumberland  and  the  Arenig  rocks  of  Shelve.     The  St.  David's  beds 
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which  had  then  heen  examined  were  also  stated  to  be  most  probably 
of  Iiower  Arenig  age.^ 

Since  then  a  new  series  of  graptolite  beds  have  been  discovered 
on  Bamsey  Island,  and  the  anther  had  examined  the  graptolites 
ooUected.  Owing  to  their  fragmentary  condition  the  following 
sjpeoies  only  oonld  be  determined: — DidymograptuB  affinia,  Nich. ; 
JD.  bifidw.  Hall;  D.  gemintu,  His.  sp.;  D.  pattdus,  Hall  (=D.  hirundo, 
Salt.)  ;  Diplograptus  dentatus,  Brong.  sp.  (=zD,  prtstiniformtB,  Hall)  ; 
D.  mueronatuB,  Hall;  and  Climaeograptus  scalaris,  Linn.  sp. 

The  evidence  a£forded  by  these  species  was  considered  to  be 
decidedly  in  &vour  of  the  view  that  these  new  Bamsey  Island  beds 
are  of  Upper  Arenig  age,  and  therefore  higher  than  those  previously 
known. 

Comparing  the  graptolites  of  the  Skiddaw  slates  of  Cumberland 
and  the  Arenig  rocks  of  Shelve  with  those  of  the  Lower  and  Upper 
Arenig  rocks  of  Bamsey  Island,  there  appeared,  upon  the  whole,  to 
be  a  parallel  snccession  of  species  in  the  Shelve  and  St.  David's 
rooks,  the  Dendroidea  abounding  in  the  lower  beds  in  each  areay  and 
the  slightly  diverging  species  of  Didymograptm,  with  species  of 
IHplograptuB  and  CUmcLcograptus,  being  found  in  the  upper  beds 
only ;  while  the  Skiddaw  series,  in  which  no  dendroid  graptolites 
are  known  to  occur,  seemed  to  be  more  nearly  related  to  the  upper 
than  to  the  lower  Bamsey  Island  beds ;  and  it  was  inferred  that  the 
Skiddaw  slates,  which  have  hitherto  been  considered  our  oldest 
graptolite-bearing  rocks,  are  of  more  recent  age  than  the  lowest 
graptoliferoas  ro^  of  St  David's. 


m. — "  Oh  the  0OOTJBBSMOE  OF  NUMEROUS  Species  OP  Graptolites 
IN  THE  Ludlow  Books  of  Shropshire.  By  John  Hopkinson, 
F.G.S.,  F.B.M.S. 

Until  recently  only  two  species  of  Oraptolites,  Monograptus 
(Oraptolithw)  priodon  and  M,  cohnus,  were  believed  to  occur  in  the 
Ludlow  rocks  of  Shropshire.  In  1868  Dr.  Nicholson  added  to  these 
a  new  species  of  Ptilograpttu,  and  mentioned  the  presence  of  an 
additional  species  of  Monograptus.  These  had  been  collected  by 
Mr.  Lightbody  of  Ludlow,  who  had  also  found  a  few  other  species 
in  these  rocks. 

In  the  course  of  an  excursion  of  the  Geologists'  Association  to  the 
Silurian  rocks  of  Shropshire,  in  July,  1872,  and  during  a  subsequent 
visit  which  the  author  had  recently  paid  to  Ludlow  and  its  neigh- 
bourhood, several  other  species  had  been  found,  and  some  information 
on  the  distribution  of  the  species  had  been  elicited. 

While,  however,  the  number  of  species  known  to  occur  in  the 
Lndlow  rocks  have  been  greatly  augmented  by  these  researches,  one 
or  two  forms  hitherto  supposed  to  be  characteristic  of  one  or  other 
division  of  these  rocks  had  not  been  found  in  them.  Not  a  single 
specimen  of  Monograptus  priodon  had  been  seen  in  the  Ludlow  rooks, 
all  that  had  been  found  being  from  the  Wenlock  shale ;  and  not  a 

1  See  Gbol.  Mao.,  Vol.  IX.,  p.  467,  and  Trans.  Liverpool  GeoL  Soc,  session 
1872-3. 
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■ingle  graptolite  bad  been  detected  in  ibe  Upper  Ludlow  rods, 
altboQgb  two  species,  JIf.  eolonw  and  M.  priodcn,  bad  been  stated  to 
be  of  common  occurrence  in  botb  tbe  Lower  and  Upper  Ludlow. 
The  graptolites,  witb  the  exception  of  a  species  or  two  of  the 
Dendroidea,  appeared  to  have  died  out  for  ever  in  the  Ajmeitry 
Limestone,  in  which  a  few  indeterminable  fragments  only  bad  been 
found. 

Of  the  true  graptolites,  or  Rhabdopbora,  but  a  single  geans, 
Monograptus,  occurs;  and  only  one  genus  of  tbe  graptolite  alliei, 
Ptilograptus,  is  undoubtedly  present     The  species  are  as  follows : 

Monograptut  Bohemieus,  Barr.  M^tgrmpiuM  Xilsmmi,  Barr. 

eapula^  sp.  dot.  Salioeyi,  w^.  hot. 

ehimaera^  Barr.  I       «rmi,  sp.  nor. 

eolonu*,  Barr.  |       tlegams,  sp.  now. 

iWicrriM,  sp.  DOT.  .  {weiJkmdrofraptmt^yiekU- 

LeintwordiruUf  sp.  hot.      '  somi^  sp.  nor. 

These  species  were  found  to  be  restricted  in  their  range  in  time, 
and  to  characterize  the  same  zones  at  distances  wide  apart  Some 
progress  had  been  made  towards  working  out  this  interesting 
question ;  but  the  author  considered  a  more  lengthened  investigation 
of  the  Lower  Ludlow  rocks  in  the  Ludlow  area  to  be  necessary  before 
any  definite  conclusions  could  be  arrived  at 


IV. — Seventh   Report   or  the   Comiiittes   appointed   iob  thi 

PURPOSE    OF    CONTINUING     HeSE ARCHES     IN     FoSSIL    CRUSTACEA— 

CONSISTING  OF  Pbof.  P.  Martin  Duncan,  M.B.,  LOND.,  F.K.S. : 
Henry  Woodward,  F.R.S.  ;  and  Robert  Etheridgb,  F.R.S. 
Drawn  up  by  Heicrt  Woodward,  F.R.S. 

LAST  year,  at  the  Brighton  IVfeeting,  I  was  enabled  to  lay  before 
this  Section  a  very  considerable  list  of  accessions  to  Fossil 
Crustacea,  and  also  a  goodly  account  of  work  perfomiecl.  A  ven* 
fruitful  season  is  not  unfrequently  succeeded  by  a  smaller  harvest 
Such  is  the  case  with  my  Report  this  year.  I  am,  however,  able  to 
show  some  favourable  results. 

Part  V.  of  my  Monograph  on  the  Mebostomata,  containing  the 
Sub-Order  Xiphosura,  will  be  ready  for  publication  before  the 
end  of  the  present  year.  I  have  included  in  it  the  following  genera 
and  species,  namely  : — 

Btllinurua   Koniijianus^  H.  Woodw.  Coal  M.,  Dudley. 

bei/tilusy  Konig.  „         Coal brookd ale. 

regina^  Baily.  „        Queen's  Co.,  Ireland. 

arntatusy  Bailj.  „  „ 

Frettwichia  Birtxvelli^  sp.  nov.,  H.  "Woodw.  „        Lancashire. 
anthrax^  II.  Woodw.,  1866.  „         Coalbrookdale. 

■ rotundata^  H.  Woodw.  „  „ 

Neoliinulua  falcatus^  U.  Woodw.  IT.  Silurian,  Lanarkshire. 

I  have  also  introduced  into  this  Part  of  my  Monograph  those 
singular  forms  which  occur  in  the  Carboniferous  Limestone  at 
Cork,  in  Ireland;  at  Settle  and  Bolland,  in  Yorkshire;  and  at 
Vise,  Belgium ;  referred  to  the  genus  Cyclus,  namely  :— 
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>»        . »» 


Ci^m  hiMMm,  H.  Woodw.  Garb.  L.,  Ireland. 

torotus,  ,, 

Wrightii^  „ 

*-  Bttrknestif        „ 

rmdialiiy  Phillips,  ^.  „      Yorkshire,  ete. 

/0fMtt4m«M,  H.  Woodw.  „      Ireland. 

Bankini,  „  Coal  Shales,  Oarlake. 

(Halieyna)  laxutf  Ton  Meyer.  '  Muscbelkalk,  Germany. 

— ^-— -  [Haheyne)  agnottua^        „ 


ti  »» 


These  last  are  dpabtless  either  larval  forms  of  other  Crustacea,  or 
else  they  belong  to  a  peculiar  group,  whose  appearance  in  time  has 
been  exceedingly  limited.  They  remain  for  the  present  among  the 
unsolved  problems  of  the  palaK)zoologist. 

Whilst  referring  to  the  fossil  LimuU,  1  would  briefly  allude  to  the 
valuable  contributions  to  the  anatomy  of  the  living  Limulus,  or 
"  King-Crab,"  of  the  North-east  coast  of  North  America — one  by 
my  distinguished  chief  and  colleague,  Prof.  Ow.en  (published  in  the 
Linnaean  Transactions  for  this  year) ;  ^  the  other  by  Prof.  Alph.  Milne- 
Sd wards  (in  the  Annales  des  Sciences  Naturelles).' 

Limtdtu  poIyphemus  of  North  America,  and  the  closely  allied 
apecies  common  to  the  Moluccas  and  the  coasts  of  China  and  Japan, 
is  the  sole  existing  type  of  this  ancient  race,  whose  longevity  as  an 
Order  in  time  is  unsurpassed  among  the  Crustacea,  save  by  the 
Entomostraca  alone — Neolimulus  of  the  Upper  Silurian  of  Lanark 
closely  agreeing  with  the  larval  stage  of  the  living  Limulus,  called 
by  Dohm  the  •*  Trilohiten- stadium.*^ 

By  the  kindness  of  Prof.  Owen,  I  am  permitted  to  add  three  plates 
£rom  his  memoir  on  the  modem  American  King-crab,  to  illustrate 
my  Monograph  on  Fossil  Limuli.  I  have  also  introduced  (from  Dr. 
Packard's  and  Dr.  Dohrn's  works)  figures  of  the  larval  stages  of 
LimuluB  poIyphemus,  and  from  that  of  Barrande,  figures  of  the  larval 
forms  of  certain  Trilobites,  the  development  of  which  he  has  traced 
often  (as  in  the  case  of  Sao  hirsuia)  through  more  than  twenty  stages. 

Having  read  carefully  the  arguments  of  Dr.  Dohm,  and  subse- 
quently the  views  of  Dr.  Packard,  the  elaborate  papers  on  the 
anatomy  of  Limulus  by  Alphonse  Milne-Edwards  and  Prof.  Owen, 
I  find  nothing  in  these  several  memoirs  to  lead  me  to  distrust  or 
abandon  the  conclusion  at  which  I  had  arrived  in  1866  (see  Brit 
Assoa  Reports,  Nottingham,  and  Quart.  Joum.  Geol.  Soc.,  1867, 
vol.  xxiii.  p.  23),  as  to  the  correctness  of  associating  the  Eubyptebida 
and  XiPHOSUBA  under  the  Order  Mebostomata,  but  much  to  confirm 
and  strengthen  that  conclusion. 

Prof.  Owen  fully  concurs  with  my  general  views  of  the  Mebosto- 
'  MATA  as  an  Order,  although  he  differs  from  me  in  some  minor  points 
in  reference  to  the  structure  of  Limulus, 

For  example,  he  considers  the  anterior  shield,  as  I  do,  to  be  the 
oephalon,  merely  proposing  for  it  the  name  cephaletron ; '  whilst  for 

^  Trans.  Lin.  Soc.,  1873,  vol.  zxviii.  pt.  iii.  p.  459,  plates  xxxyi.  to  zxxiz. 

*  Ann.  dea  8c.  Nat.  Zoolog^e  et  Paleontologie,  1872-3,  6th  series,  tome  zvii. 
p.  25,  plates  t.  to  xvi. 

*  Fit>m  fcc^oA^,  t?^  head,  and  ^rpov^  a  part  of  the  abdomen,  in  allusion  to  the  fact 
that  (as  in  other  Cmstacea)  "  a  part  of  such  cayity  is  associated  with  the  '  head '  in 
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the  posterior  shield  (which  I  demonstrated  in  1866  to  be  the  con- 
joined thorax  and  ahdomen)  he  gives  the  name  thoraeelron ;  and  to 
the  telson,  or  tail -spine,  he  applies  Mr.  Spenoe  Bate's  name  of  "pleon.** 

There  can  be  no  objection  to  the  term  "  oephaletron,"  as  proposed 
for  the  head  in  Crustacea  by  Prof.  Owen,  in  contradistinction  to 
that  highly  specialized  division  of  the  body,  the  **  head "  in  the 
Vertebratay  but  I  think  I  have  shown  good  grounds  (in  the  paper 
referred  to)  for  assuming  that  the  posterior  shield  is  not  merely 
the  thorax  (or  "  thoracetron "  of  Owen),  but  the  combined 
thoracic  and  abdominal  segments,  as  attested  by  the  larval  or  em- 
bryonal stages  of  Liraulm,  and  by  the  fossil  forms  of  the  Coal- 
measures  and  of  the  Silurian. 

I  venture  also  to  demur  to  Spence  Bate's  term  "  pleon  "  being  re- 
stricted to  the  tail- spine  in  Limulus,  because  it  is  calculated,  if  so 
used,  to  cause  considerable  confusion.  The  term  *'  pleon,"  as  applied 
to  the  Crustacea  by  its  author,  includes  the  last  seven  segments  of  the 
body,  of  which  the  ielson  (if  reckoned  at  all  as  being  a  segment)  has 
hitherto  only  been  accounted  as  the  ultimate  joint  out  of  the  series. 

The  view  propounded  by  Prof.  Owen  {op,  cit,  p.  477)  that  the 
great  caudal  spine  in  Limulus  represents  (either  by  itself,  or  possibly 
with  tlio  hindmost  segments  of  the  *  thoracetron ')  the  *  pleon*  of 
SpcQce  Bate  (or  in  other  words,  tho  last  seven,  or  abdominal  seg- 
ments usually  seen  in  other  Crustacea),  is  based  on  his  examination 
of  the  innervation  of  the  tail-spine.  From  its  dissection  he  finds 
that  tlio  bifid  continuation  of  the  great  neural  axis  is  divided  witliin 
the  triangular  tail-sheath  (telson)  into  a  double  plexus  of  fine  nen'es 
resembling  the  cauda  equina  of  anthropotomy.  In  this  fasciculus  of 
nerve  threads  the  author  traces  nine  nerve  filaments,  four  ventral 
and  four  dorsal,  the  ninth  being  the  continuation  of  the  bifid  neural 
axis.  From  this  he  concludes  that  the  tail-spine  may  indicate  as 
many  as  four  coalesced  segments,  which,  with  the  three  posterior 
coalesced  apodal  segments  of  the  *  thoracetron,'  would  account  for 
tho  missing  abdominal  series  or  '  pleon.'  But  notwithstanding  my 
profound  respect  and  appreciation  of  Prof.  Owen's  comparatiTe 
anatomical  studies,  and  his  conclusions  thereon,  I  find  great  difficulty 
in  adopting  this  view,  because  it  appears  to  me  that  it  does  not  accord 
with  those  generally  entertained  regarding  similar  structures  in  other 
orders  of  Crustacea,  neither  will  it  harmonize  with  the  earliest  known 
forms  of  the  Xiphosura,  nor  with  the  larval  development  of  recent 
Limulus,  as  made  known  by  the  researches  of  Packard  *  and  Dohm.' 

Prof.  Owen  names  the  modified  bifid  median  appendage  beliind 
the  muutli  of  Liviulus  the  "chilaria,"'  this  is,  doubtless,  the  homologue 
of  the  great  metastomial  plate  of  Pterygotus.* 

the  first  division  of  the  King-crab's  body,  and  with  the  *  thorax*  in  the  second 
division."  — (Owen,  op.  eit.  p.  463.) 

^  "The  Development  ox  Limulus  polyphemutt"  by  A.  S.  Packard,  Jan.,  M.D. 
Mem.  Boston  Soc.  Nat.  Hist,  1872,  vol.  xi.  pp.  166-202,  pL  iii.-v. 

*  '*Zur  Embr}'ologie  und  Morphologic  des  Limulm  polyphemus^  von  Dr.  Antoo 
Dohrii,"  Jenaische  Zeitschrift,  Bd.  vi.  Heft  4,  p.  680,  Taf.  xiv.  and  xv.,  1871. 

'  From  x«<A(ipiOK,  a  small  lip  (Owen,  op.  eit.  p^  464). 

*  As  pointed  out  by  me,  wt  ¥'\^t\i  ^e^^xt  on  Fossil  Crustacea,  by  H.  Woodward, 
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[Dr  Packard,  "when  oontrasting  (in  his  work  on  Larval  Limulus)  the 
Mkbostomata  with  Tbilobita,  by  an  inadvertence,  calls  the  Meta- 
stome  the  *' Hypostome/'  and  contrasts  it  with  the  Hypostome  in 
Tiilobites,  in  which  no  lower  lip  exists.] 

Referring  to  the  habits  of  the  Pterygoti,  Prof.  Owen  considers 
they  were  those  of  burro wers,  like  the  lAmxdi;  but  their  bodies  and 
broad  swimming  feet  seem  eminently  fitted  for  natation.  On  the 
other  hand,  he  thinks  lAmvhu  could  not  walk  well,  but  only  crawl 
and  burrow.  We  have  frequently  seen  them  alive  in  the  Aquaria  at 
the  2iOological  Gkurdens,  and  they  walked  with  very  considerable  ease 
and  activity  on  the  tips  of  their  toes.  They  are,  however,  true 
burrowers  by  habit 

Prof.  Owen  is  willing  to  accept  the  theory  of  the  development 
of  the  Merostomata  from  a  typical  and  common  life-form,  but  by 
"secondary  causes  or  laws,"  not  by  Natural  Selection,  (p. 501,  op,  ciL) 

Several  additions  have  been  made  to  the  Carboniferous  Phyllopods, 
the  species  of  which  I  have  described  in  conjunction  with  my  friend 
Mr.  Bobert  Etheridge,  junior  (of  the  (Geological  Survey  of  Scotland). 
(Some  notice  of  these  is  given  more  in  detail  in  a  separate  paper, 
see  page  482.) 

Of  Cretaceous  forms  I  have  examined  several  new  species,  among 
which  are — ^Three  examples  of  the  carapace  of  a  small  Ghtult  crus- 
tacean from  Folkestone  (near  to  Diaulax  Carteri  from  the  Cambridge 
Greensand),  which  I  have  named  Z>.  feliceps.  Two  small  forms 
of  Scyllaridia  (a  genus  hitherto  only  known  in  the  Eocene  Tertiary) 
— Scyllaridia  Qardneri,  sp.  nov.,  and  Scyllaridia  pimciataf  sp.  nov. 
A  small  Crangon  (?)  of  doubtful  determination,  with  two  delicately 
serrated  lines  on  the  anterior  half  of  the  carapace  in  front  of  the 
naohal  furrow,  the  hinder  part  armed  with  very  minute  spines, 
the  surface  of  the  carapace  being  ornamented  with  very  minute  and 
scattered  serrations,  the  car^ace,  hands,  and  detached  body  segments 
of  which  are  all  of  a  glistening  black  encunel.  I  have  named  this 
Mesocrangon  adra.  These  specimens  are  principally  from  the  col- 
lection of  J.  Starkie  Gardner,  Esq.,  F.G.S.,  who  has  kindly  placed 
them  at  my  disposal,  with  others  for  examination. 

Fifteen  years  ago  Mr.  Charles  Gould,  F.G.S.,  described  ^  a  very  imper- 
fectly preserved  carapace  of  a  small  crustacean  under  the  name  of 
Mitkracites  vectensiSf  from  the  Greensand,  Atherfield,  Isle  of  Wight.  I 
lately  obtained  six  specimens  from  the  same  locality,  which,  upon  com- 
parison, I  found  to  agree  (so  far  as  the  figure  and  description  enabled 
me  to  determine)  with  Gould's  Miihracites  ;  but  when  I  compared 
the  specimens  with  the  recent  Miihrax,  I  failed  to  discover  the 
analogy,  although  the  specimens  since  obtained  appear  to  offer  a 
decided  affinity  with  Hyas,  The  discovery  of  these  additional 
examples  will  necessitate  the  reconsideration  and  redescription  of 
the  genus  Miihracites.     Fortunately  the  abdomens  of  both  male  and 

British  AjBflociation  Reports,  Edinburgh,  August,  1871,  p.  53,  and  Geol.'  Mao.,  1871, 
VoL  VIII.  pp.  621-624. 

>>  See  Quart.  Joum.  Geol.  Soc.,  1869,  voL  xt.  n.  237.  See  also  Prof.  Bell's  Mon., 
part  2,  PaL  Sue,  1862  ;  Crustacea  of  the  Gault  and  Greensand,  p.  1,  pi.  1,  tigs. 
2  and  3. 
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female  examples  are  preserved,  the  limbs  and  the  margins  of  ihe 
oarapace  are  also  well  seen. 

From  the  Oreensand,  Isle  of  Wight,  I  have  also  obtained  a  new 
species  of  Hemiodn?  (Bell),  but  larger  than  J7.  OanningtonL  From 
the  Hard  Chalk,  Dover,  I  have  received  a  new  form  of  Enoplodyiviy 
which  I  propose  to  call  E,  Bcahrosa, 

Only  one  new  species  of  Trilobite  has  to  be  notioed;  it  was 
found  at  Utah,  and  sent  over  by  Mr.  Henry  S.  Poole,  Inspector  of 
Mines,  Nova  Scotia.  I  have  referred  it  to  the  genus  OUnus,  under 
the  name  of  Olenus  UtaheMts,  It  shows  evidence  of  a  median  axis 
apparently  corresponding  with  the  so-called  '^  straight  alimetUanf 
canaV^  noticed  by  Barrande.  The  matrix  is  composed  of  a  hydrated 
silicate  of  magnesia. 

This  completes  my  list  of  new  forms  examined  and  determined  by 
me.     Some  of  them  are  already  engi-aved  for  publication. 

v.— EoTAL  Cornwall  Geological  Sooiett. — The  annual  meeting 
of  the  Royal  Cornwall  Geological  Society  was  held  on  Friday, 
Oct  17th,  at  the  Museum,  Penzance.  Mr.  Warington  Smyth,  F.B.S., 
the  President,  occupied  the  Chair ;  and  there  was  a  large  company 
present 

The  President  opened  his  address  by  a  feeling  reference  to  the 
loss  of  Miss  Came,  who,  alike  by  her  intellectual  power,  her 
generosity,  and  her  cheerful  industry,  had  for  years  past  in  the 
highest  degree  fostered  and  advanced  the  interests  of  the  Institution. 
In  her  had  been  lost  not  only  a  munificent  donor,  but  a  kind  friend, 
ever  ready  to  volunteer  counsel  or  aid  by  work  of  hand  or  head 
whenever  her  quiet  judgment  suggested  that  they  would  be  welcome. 
That  spacious  apartment,  where,  without  her  aid,  they  would  hardly 
have  been  able  to  meet  that  day,  was,  perhaps,  not  the  place  to  refer 
to  her  noble  and  discriminating  charities,  and  the  numerous  deeds  of 
goodness  upon  which  many  a  tongue  in  that  neighbourhood  would 
gladly  dilate.  But  they  could  not  neglect  there  to  dwell  upon  the 
admirable  work  done  in  their  own  particular  sphere,  and  on  the 
useful  example  set  by  a  life  so  wisely  spent  Few  of  his  auditors 
were  unaware  that  when  a  large  amount  of  debt  appeared  likely  to 
interfere  with  that  Society's  enjoyment  of  the  new  buildings,  she 
undertook  on  easy  terms  to  arrange  for  the  payment  of  £500  of  it 
Then  they  were  deeply  indebted  to  her  and  to  her  excellent  and 
unwearied  elder  sister  for  the  admirable  arrangement  of  their  collec- 
tion. In  her  varied  acquirements  as  an  observer  in  Geology  and 
Natural  History,  and  in  her  facility  as  a  writer,  Miss  Came  followed 
worthily  in  the  footsteps  of  her  father,  one  of  the  founders  of  the 
Society,  and  of  her  uncle,  whose  "  Letters  from  the  East  '*  formed 
one  of  the  best  books  of  travel  of  the  last  generation.  It  was  with 
regret,  he  confessed,  that  certain  of  Miss  Game's  original  observa- 
tions communicated  to  the  Society  were  not  yet  printed ;  and  it  might 
be  hoped  that  this  would  lead  to  an  effort  to  bring  up  the  arrears  of 
publication.  After  referring  at  some  length  to  Miss  Game's  last 
work—**  The  Realm  of  Truth  "—the  President  proceeded  to  give  a 
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brief  biographical  sketch  of  Professor  Sedgwick,  who  was  one  of  the 
honorary  members  of  the  Society,  referring  specially  to  the  labours  of 
that  great  geologist  in  connexion  with  that  county,  together  with  Sir 
Boderick  Murchison  for  the  establishment  of  the  Devonian  system. 

From  the  list  of  contributing  members  there  had  also  been  lost  the 
name  of  Mr.  J.  T.  H.  Peter,  of  Chiverton.  The  death  of  Sir  Edward 
St.  Aubyn  had  robbed  the  Society  of  the  representative  of  one  of  the 
oldest  Cornish  families,  yet  every  member  of  the  Society  would  feel 
the  satisfaction  of  his  place  in  the  county  being  so  worthily  filled  by 
his  son. 

Mr.  Smyth  then  turned  to  general  topics.  In  his  address  of  the 
previous  year  he  had  directed  attention  to  the  important  subject 
of  the  utilization  of  the  Society's  collection  of  fossils.  The  ex- 
oellent  report  prepared  by  Mr.  Bettany,  jun.,  made  it  clear  that  a 
valuable  series  of  collections  had  been  accumulated  chiefly  by  dona- 
tions, but  largely  by  special  purchases,  which,  so  long  as  they  re- 
mained packed  in  boxes,  or  closely  stowed  away  pell-mell  in  drawers, 
were  practically  useless.  Until,  indeed,  they  could  on  some  definite 
plan  of  arrangement  be  exhibited,  the  Society  was  not  acting  up  to 
what  might  be  expected  of  its  "  name  and  fame."  That  reproach 
had  now  to  some  extent  been  removed  by  a  commencement,  and  as 
it  was  notoriously  le  'premier  pas  qui  conte,  they  might  hope  that  ere 
long  a  much  fuller  display  would  minister  to  the  attractions  of  the 
fossil  room.  They  had  to  thank  Mr.  Bettany,  jun.,  for  the  gratuitous 
services  rendered  in  arranging  a  characteristic  series  in  two  of  the 
table  cases,  and  might  hope  that  he  would  be  enabled  to  fulfil  his 
promise  with  regard  to  the  other  two.  The  table  cases,  put  in  order, 
contained  first — the  groups  of  fossil  organisms  illustrative  of  the 
Lower  and  Upper  Silurian  divisions,  the  Devonian  and  the  Mountain 
Limestone.  These  they  should  hope  to  see  well  supplemented  by 
additional  examples,  which  would  serve  as  standards  of  comparison 
with  those  of  the  various  Cornish  fossiliferous  localities  which  would  be 
exhibited  in  the  cases  not  yet  arranged.  A  moderate  representation 
of  the  Coal  Measures  was  also  given;  and  there  was  a  great  fullness 
of  fossil  forms  of  the  Jurassic  (the  Oolite).  Hence  a  little  sketch  of 
palaeontology  was  placed  before  the  eye,  which,  mere  sketch  as  it 
was  at  present,  nevertheless  enabled  the  Society  to  fulfil  its  duty  of 
aiding  the  student  or  general  reader,  whether  among  the  members  or 
the  general  public,  who  in  yearly  increasing  numbers  visited  the 
collections. 

But  the  great  object  of  the  Society  was  undoubtedly  minerals. 
They  were  assembled  in  a  district  where  tin-mining  dated  back 
beyond  tradition ;  where  smelting  works  poured  their  blue  smoke 
into  the  air;  almost  within  sight  of  mines  (Wheal  Fortune  and  Wlieal 
Vor)  where  steam-engines  were  erected  half  a  century  before  the  time 
of  Watt,  and  his  improvements,  and  they  could  not  but  give  expression 
to  the  anxiety  with  which  the  prospects  of  the  mines  must  be  re- 
garded. There  had  been  other  periods  of  depression  and  alarm,  which 
had  been  successfully  overcome.     A  memorial  of  the  ''  gentlemen 
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.'idTeriti!*rs"  in  nn  ani  correr  mines  in  the  c»?nnty,  date-i  befor: 
IT^j'.'.  T-riv^l  for  reir^-  ::  :L-?  jrievance  of  the  excessive  o:»5t  yi 
<y»*l.  ciu-e'^  bv  ir,.].  he^vv  ditv  on  seal>jme  c^?il.  invmuch  as  it 
am-/:nt'>i  ^-j  fill  tiry  fter  ■?erit.  upon  the  amount  paid  to  the  oc-al 
owTi-rr.  Wh.  C'luii  hav^  imasrine-i  tb^t  m>re  than  a  centnrv  after 
thii!  ii.^'.rions  tax  was  rvmitTe-i  r-v  Parliament  the  mines  would,  in 
cr-mm  n  \*-i:h  the  wLok  p  puhti  ::i.  >:«  surjecte^i  to  a  still  harsher  and 
more  cnjf-l  tax.  whii-'h.  with  no  scareitv  of  the  article  to  warrant  it 
was  addinjT.  n-.t  fifri*.  but  a  hundrc-i  i>er  cent,  to  the  orfinaiy  price ; 
and  thef'.-by  threateninjr  with  abs«:dnte  destruction  a  large  pro- 
ff^.-ri'in  of  the  mines  in  which  steam  power  was  indir*i»ensable'? 
Thv  d'.rtrth  of  ^''-rl  disc'veries  -'f  tin  and  c«>pper  having  with  few 
exc'^-pti'-ns  Vieen  the  rule  for  t!ie  past  twenty  years,  had  doubtless 
tended  much  to  cVieok  the  spirit  of  adventure  and  exploration,  with- 
out wbich  miiiinj^  must  jrradually  languish.  But  what  a  blow  to 
absurd.  V::<?au«e  isni"rant,  despondency,  they  read  in  the  W'.»p1s  of 
the  mem«,'rial  140  vears  agro — in  the  statement  that  the  couutv  ha«l 
been  •*  so  entirely  trie!  that  there  was  ni»t  the  least  reason  to  expect 
any  new  discover^-."  And  vet  since  then  Cornwall  for  more  than  a 
century  liad  been  at  the  head  of  the  tin  and  copper  pro«Juetion  of 
the  wi..rld ;  imlividual  mines  had  been  successfully  worke*!.  and 
entire  new  regions  of  lo-les  profitably  ojH?ned.  As  for  exhaustion 
of  lode  area,  a  glance  at  lode  maps  would  show  the  vast  number 
of  mineral  veins  just  known.  Init  only  slightly  explored,  besides 
wlii«li  tliey  might  fairly  premi-je  that  numbers  more  were  at  present 
unknown. 

As   to   depth,    no    doubt    increased    depth    of   working    wa^   at- 

tendM  with  increased  exjiense.  but  they  could  point  to  lodes  like 

tlio.s**  of  Dolcoath  and  Tinrr-'ft  as  continuing  di>wnward  with  un- 

diniiui.-hed  strength  in  the  netlierniost  levels.     And  after  all,  the 

depth  reached,  wliilst  notliing  to  the  eyei»f  the  speculative  geologist, 

w;is  far  f-xcceded  l»y  that  of  several  of  the  European  mines.     He 

had  iiisjiccted   several   successive  workings  between  410  and   470 

fathoms  dcp  at  tlie  productive  silverdead  mines  of  Prizibram,  in 

rVntral   Bohemia,  now    continuing  to  deepen   after    121    years   of 

persistent  profits.     Unfortunately,  howevi-r.  ft»r  tlic  Wt»steni  mining 

distrirt  of  Kngland,  not  only  had  natural  difficulties  to  be  encountered, 

but   the   coal  question  had  to  be  met,  and   formi'lable   rivals   ivom 

various  quart r-rs    introduced    their    ea.sily    won    stream-tin    to   the 

markets  where  Cornish  tin  used  to  reign  supreme.     No  sooner  were 

they  Horiicwhat  released  from  the  pressure  of  the  Kast  Indies  than 

New  South  Wales,  Qur^ensland,  Victoria,  and   Peru  united  in  joint 

<:oinnierriaI   attack,   and   now,  as  they   read  in   last  week's   Ullniug 

Jonrnnl,   Van   Dieniau's  Land   boasted  the  discovery  t»f  tin   ore  in 

large  (juantities.     Mr.  Smyth  quoted  various  reports  on  the  Queens- 

hi!id  rlisfjovr-rics,  and  pn»oceded  to  remark  that  all  this  was  of  course 

Very  disquieting.    But  altliough  such  reports  rendered  it  quite  certain 

♦  hat  a  very  largo  proprjrtion  of  tin  or  its  ore  would  make  its  wav  to 

^bin  country,  they  had  to  remomber  that  many  of  the  descriptions 

'^on;  indited  by  persons  not  practiciilly  conversant  with  tin-stream- 
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ing  or  mining,  and  that  there  was  sure  to  he  exaggeration.  Mr. 
Smyth  quoted  likewise  a  report  on  the  tin- stream  district  of 
Tenasserim,  which  was  not  likely  to  increase  its  production  in  any 
material  degree.  After  referring  to  the  Laurium  mines,  the  President 
concluded  hy  remarking  upon  the  issue  of  a  fourth  edition  of  LyelFs 
"Antiquity  of  Man,"  and  to  Mr.  Borlase's  "Naenia  ComubisB,"  a 
work  in  which  the  metalithic  element  was  so  strong  as  almost  to 
stamp  it  as  a  work  of  applied  geology,  whilst  the  scientific  treat- 
ment of  the  details  of  the  sepulchral  relics  of  the  county  entitled 
the  author  to  the  thanks  of  all  who  were  not  blind  to  the  interest 
of  the  early  history  of  the  British  race. 


OODaDaESI*035rX)ED5rOE- 


THE  " SUB-WEALDEN  "  EXPLORATION— IMPORTANT  DISCOVERY. 

Sib, — ^I  am  able  to  announce  to  you  an  important  fact  in  relation 
to  our  great  "  Sub- wealden "  exploration.  The  specimens  from  the 
lowest  part  of  the  boring  are  marine  deposits  ;  they  contain  shells ; 
among  these  are  distinct  small  lAngtda,  which  are  identical  with 
examples  of  Lingtda  ovalis  from  our  Kimraeridge  Clay  in  Shotover 
Hill.  Mr.  Peyton,  to  whose  care  in  examining  the  shale  from  the 
boring,  I  am  indebted  for  the  specimens  which,  with  the  consent  of 
Mr.  Willett,  have  been  placed  in  my  hands  for  scrutiny,  and  the 
result  is  quite  certain.  There  are  other  shells,  but  not  sufficiently 
exhibited  in  these  specimens  {Ostreay  Avtcula  f  Spine  o^  Acrosalenia  ?). 

It  appears,  then,  that  we  have  touched  the  great  upper  clays  of 
the  Oolites,  without  encountering  shore  sands  or  shelly  Oolites — no 
Portlandian  rocks  have  appeared.  It  is  the  open  sea-bed  which  we 
have  reached,  and  may  not  find  other  than  clay  deposits  for  a  con- 
siderable depth.  There  may  be  no  Triassic  limestones  or  sandstones  : 
and  we  may  come  on  Palaeozoic  rocks  at  no  enormous  depth,  and 
with  no  unusual  difficulty.  John  Phillips. 

OxFOBD,  26th  SepL  1873. 


ON  A  NEW  METHOD  OF  WRITING  CRYSTALLOGRAPHIC  FORMULAE. 

SiB, — ^In  the  September  Number  of  this  Magazine  (p.  428),  Mr. 
Danby  does  me  the  honour  to  criticize  my  paper  on  Crystallographic 
Formulae  (p.  299). 

His  objections  to  my  proposed  system  of  writing  formulsB  appear 
to  me  to  be  just ;  and  with  regard  to  the  application  of  the  system  to 
the  more  advanced  requirements  of  the  crystallographer,  they  seem 
not  merely  just,  but  important,  and  it  was  from  anticipation  of  such 
objections  that  I  refrained  from  making  any  mention  of  Professor 
Miller's  system.  Upon  one  point,  however,  Mr.  Danby  appears  to 
have  put  a  wrong  coustruction,  namely,  in  crediting  me  with  the 
presumptuous  notion  that  my  method  of  writing  these  formulae 
should  be  able  "  to  sweep  all  others  from  the  field.'* 

I  intended  my  little  paper  merely  as  a  suggestion,  capable  of 
modificatiun  and  improvement,  but,  nevertheless — a  suggestion  which 
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I  thought,  and  still  think,  wonld  be  of  some  use,  if  adopted,  in 
elementary  teaching.  But^  if  this  be  all,  Mr.  I>Einby  will  tkn 
'*  pronounce  the  system  unprofitable."  Here  I  differ  from  him,  for 
probably  out  of  every  hundred  students  who  commence  ctystal- 
lography,  not  more  than  a  tithe  of  them  ever  learn,  or  care  to  ieaiii, 
more  than  the  rudiments  of  the  science.  An  elementary  knowledge 
of  the  subject  is  usually  deemed  sufficient  for  ordinary  purposes; 
and  a  sound  elementary  knowledge  is  by  no  means  without  its  value. 
Is  it,  then,  "  unprofitable  "  if  ninety  per  cent  of  students  can,  by 
any  means,  acquire  more  easily  that  which  they  wish  to  acquire?  1 
may  here  cite  the  well-worn  proverb  that  a  steam-hammer  may  be 
used  for  cracking  small  nuts,  but  that  the  same  end  may  be  attained 
by  simpler  means.  With  regard  to  the  higher  branches  of  crystal- 
lography, Mr.  Danby's  estimate  of  my  system  may  possibly  be 
correct  Still,  I  do  not  think  that  the  studeut  who  used  it  would 
have  anything  to  unlearn.  I  thank  Mr.  Danby  for  taking  the 
trouble  to  test  the  merits  or  demerits  of  the  system,  and  I  trust  that 
others  whose  requirements  are  more  purely  elementary  may  be 
induced  to  give  it  a  fair  trial.  Frank  Butlst. 

H.M.  Geological  Surtet. 


GIACIATION  OF  THE  LAKE-DISTRICT. 

Sir, — ^I  feel  that  some  apology  is  due  from  me  to  Mr.  Mackintosh, 
Dr.  Bryce,  and  others,  for  not  having  alluded  in  my  paper  on  "  Ths 
Glaciation  of  the  Northern  Half  of  the  Lake-district,"  to  the  work 
previously  done  by  others  on  the  same  subject  My  reason  was  this: 
The  papers  upon  this  subject  are  so  numerous,  and  so  generally — I  do 
not  say  universally — the  result  of  hasty  runs  through  the  country,  that 
I  felt  it  difficult  to  allude  to  some,  and  give  no  notice  of  others.  It  wa« 
my  intention,  moreover,  when  the  subject  should  be  treated  more  com- 
pletely in  a  forthcoming  Survey  Memoir,  to  give  a  list  of  all  papers 
bearing  upon  it.  My  official  work  has  enabled  me  to  go  more 
minutely  over  the  district  than  perhaps  any  previous  worker,  and  I 
need  hanlly  say  that  all  conclusions  arrived  at  in  my  recent  paper 
were  founded  on  self-observed  facts.  Since  its  reading  and  publica- 
tion in  the  Journal,  I  have  learnt  that  Dr.  Bryce,  in  1853  and 
following  years,  opposed  the  idea  of  a  great  ice-cap  coming  from 
the  north-east,  and  completely  riding  over  the  Lake-district  moun- 
tains, in  papers  communicfited  to  the  Philosophical  JMagazine,  British 
Association,  and  Glasgow  l*hilosophical  Society. 

Keswick.  J.   Clifton   WaRD. 

GEOLOGY  OF  THE  LAKE-DISTRCT. 

Sir, — May  I  bo  allowed  through  the  medium  of  your  Magazimx 
to  ask  authors  of  Papers  on  the  Geology  of  the  Lake-district  to  do 
me  the  favour  of  sending  the  titles  of  the  same  upon  post-cards  or 
otherwise  ? 

Gkbta  Lank  Coitagb,  Keswick.  J.   Clifton  Ward. 


THE 

aEOLOGICAL    MAGA.Z1NE 


ISTo.  CXIV.— DECEMBEB,  1873. 


OOBIGHZsT-A-Ii     -A-OBTIOIiES. 


L — Qkolooists'  Association,  University  College,  London.    Ad- 
dress  AT   THE   OPENING  OP   THE  SESSION,  NOVEMBER   7tH,  187o. 

By  iHB  Pbesident,  Hexkt  Woodwabd,  F.R.S.,  F.6.S.,  etc. 

fTUME  with  slow  and  measured  tread  moving  over  the  buried 
JL  records  of  the  past — ^Time,  upon  whose  ample  store  the  geologist 
is  wont  to  draw  with  an  unsparing  hand,  seems  to  have  accelerated 
his  pace  in  this  nineteenth  century.,  and  hurries  onward  as  if  his  few 
remaining  sands  were  well-nigh  run. 

But  the  progress  of  Time  is  as  constant  and  unvarying  to-day  as 
it  was  when  life  first  dawned  upon  our  infant  planet ;  the  apparent 
change  is  only  the  result  of  our  attempting  to  measure  our  brief 
history  by  the  standard  of  the  infinite  universe. 

Yet  finite  as  is  our  individual  existence,  we  are  privileged  in 
forming  part  of  a  race, — not  ancient,  as  measured  by  the  geologic 
record, — but  one  which,  by  slow  and  protracted  processes  of  in- 
tellectual development,  has  achieved  the  power  to  grasp  the  most 
hidden  secrets  of  Nature ;  to  investigate  and  comprehend  its  laws,  to 
decipher  its  monuments,  and  to  evolve  our  planet's  history  from  the 
chaos  of  the  past. 

These  grand  results — infinite  in  import  to  our  race — have  never- 
theless all  been  accomplished  by  finite  means ;  each  year  our  know- 
ledge grows  broader  and  higher,  like  some  mighty  Atoll  in  the 
Pacific,  not  by  vast  accessions,  but  by  the  accumulated  labours  of 
individuals,  in  which  each  one  of  us  may  have  his  part  Let  us 
take  a  hasty  survey  of  the  geological  aspect  of  our  intellectual  Atoll, 
and  see  how  far  we  have  added  to  our  store  of  sound  scientific  know- 
ledge during  the  past  twelve  months,  and  where  there  is  still  room 
for  more  work  to  be  accomplished. 

Our  survey  naturally  divides  itself  under  two  main  heads,namely  : 
— L  Geology  (properly  so  called)  ;  and  II.  Paleontology. 

I. — By  Geology  we  comprehend  a  study  of  the  earth's  crust,  its 
composition  and  arrangement,  which  naturally  is  divided  again  into  : 
— (a.)  Petrology  ;  and  (6.)  Physical  Oeology. 

(a.)  For  the  first  the  geologist,  says  Forbes,  needs  the  assistance 

both  "  of  chemistry  and  the  microscope ;   by  chemical  analysis  he 

learns  the  percentage  composition  of  the  rock  in  question,  tmd  the 

ihicroscopic  examination  informs  him  how  the  chemical  elements  are 
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remarkable  bodies  called  ''  meteoriteB."  Many  of  these  have  come 
to  us  as  entire  asteroids  from  Stellar  space,  through  which — small  as 
they  are— they  held  their  independent  courses ;  and  only  succumbed 
(as  our  own  planet  may  in  its  turn  be  obliged  some  day  to  do)  to 
the  superior  attraction  of  a  larger  orb  than  its  own. 

The  majority,  it  would  seem,  however,  probably  from  unequal 
expansion  and  friction,  caused  by  contact  with  our  earth's  atmo- 
sphere, not  only  become  enormously  heated,  so  as  to  fuse  the  exterior 
into  a  vitreous  glaze,  but  not  uncommonly  burst  into  many  fragments 
before  reaching  the  ground. 

These  bodies  have  been  found  in  nearly  every  quarter  of  the 
earth^s  surface :  and  as  they  are  known  to  fall  at  all  times,  over  land 
and  over  sea,  their  actual  number  in  each  year  must  in  reality  be 
very  considerable. 

Some  are  only  of  the  size  of  dust  or  small  gravel ;  others,  like  the 
Cranboume  meteorite,  weighing  4J^  tons ;  or  that  discovered  in  Siberia 
by  the  naturalist  Pallas,  in  1777,  weighing  1500  lbs. ;  or  the  one  at 
Bahia  in  Brazil,  weighing  nearly  7  tons ;  another  at  Chaco,  also  in 
South  America,  estimated  at  13  tons ;  and  the  largest  of  all  known 
meteorites,  brought  from  Ovifak  in  Greenland  by  the  Swedish  Arctic 
IBxpedition,  about  22  tons  in  weight 

The  mineral  species  which  have  been  found  in  meteorites  are 
about  twenty-six  in  number,  viz.: — Sulphur;  Carbon  (amorphous 
and  graphitic)  and  a  crystalHzable  Hydro-carbon ;  Osbomite 
Enstatite ;  Bronzite ;  Augite  ;  Olivine ;  Anorthite ;  Labradorite  ? 
Asmanite  ;  Ghromite  ;  Magnetite  ;  Cassiterite  ;  Titanoferrite  ? 
Troilite ;  Pyrrhotine ;  Oldhamite ;  Schreibersite ;  Metallic  Iron  con- 
taining Carbon,  called  Campbellite  and  Calypito  (by  Meunier),  and 
the  alloys  of  Iron  with  Nickel,  to  which  the  names  Taenite,  Eamacite, 
Plessite,  and  Octibbehite  have  been  given. 

A  review  of  the  chemistry  of  meteorites  teaches  us  that  they 
yield  only  those  elements  which  we  know  to  exist  on  our  earth,  and 
as  they  have  not  afforded  us  a  single  new  element,  we  may  justly  con- 
clude that  the  most  distant  regions  in  stellar  space  contain  only  a 
repetition,  in  varying  proportions  and  combinations,  of  the  same 
elementary  substances. 

This  discovery  of  the  Continuity  of  Matter  throughout  the  Universe 
may  justly  be  looked  upon  as  among  the  greatest  results  of  intel- 
lectual effort,  and  one  of  the  grandest  generalizations  of  modem 
science. 

"  Of  these  elements  (in  all  sixty-four),  nineteen  have  been  proved 
to  occur  in  meteorites,  which  consist  of  six  non-metallic  bodies  : 
Silicon,  Carbon,  Sulphur,  Phosphorus,  Oxygen,  and  Hydrogen ;  five 
metals  of  the  alkalies  and  earths — Potassium,  Sodium,  Calcium, 
Magnesium,  and  Aluminium;  and  eight  other  metals — Iron,  Nickel, 
Cobalt,  Manganese,  Chromium,  Copper,  Tin,  and  Titanium. 

"  Traces  of  seven  more  have  been  reported,  but  may  be  regarded 
as  doubtful,  viz.  Chlorine,  Antimony,  Arsenic,  Lead,  Olueinium, 
Yttrium,  and  Zirconium.  An  idea  of  the  general  per-centage  com- 
position of  aerolites  will  be  best  obtained  by  a  glance  at  the  figures 
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obtained  in  a  pore  state,  by  which  the  entire  oonstitnents  oonld  bo 
determined  in  a  single  portion.  The  silica  was  removed  by  dis- 
tillation with  hydrofluoric  acid,  and  afterwards  estimated  as  fluosili* 
cate  of  potassium. 

Ths  Busti  Asroliti.,  whidi  fell  on  2nd  December,  1852,  near 
Gk)ruckpur  in  India,  was  first  examined,  and  found  to  consist  of  the 
following  minerals : — Oldham te,  or  monosulphide  of  calcium,  which 
occurs  in  chestnut-brown  nodules  with  cubic  deavage.  This 
mineral  is  not  only  unknown  in  terrestrial  strata,  but  has  been 
for  the  first  time  met  with  in  this  meteorite.  A  body  of  such 
unstable  characters  points  to  peculiar  conditions  (as  suggested 
already,  by  the  occurrence  of  hydrogen  in  meteoric  iron),  under 
which  meteoric  minerals  must  have  been  formed.  Osbomite  is  another 
new  mineral,  occurring  principally  in  the  (Hdhamite  of  this  stone  in 
minute  gold-coloured  regular  octahedra,  but  so  very  sparsely  that 
determination  of  its  constitution  was  almost  impossible.  They 
withstand  the  action  of  most  reagents,  and  appear  to  be  a  compound 
of  zirconium  (or  titanium)  and  calcium  with  sulphur  and  oxygen. 
An^te,  in  intimate  association  with  Oldhamite,  crystallizing  in  the 
oblique  system,  and  exhibiting  a  remarkable  dichroism  of  a  pale 
violet-grey  colour,  and  with  the  composition  (f  Mg  f  Ca)  Si  0,. 
EnstatiU  in  three  varieties :  a  dark-grey  tabular,  a  transparent 
white,  and  a  semi-transparent  grey,  the  crystallographic  features 
of  which  were  not  well  developed.  They  had  but  a  slight  dif- 
erence  in  composition,  and  bear  the  greatest  resemblance  to  the 
mineral  found  by  Dr.  Lawrence  Smith  in  the  Bishopsville  stone. 
Nickeliferous  iron,  Troiliie  and  Chromiie  in  regular  octahedra,  are 
also  present,  but  in  very  small  amount. 

Thk  Maneoaum  Meteoritb,  which  fell  on  the  29th  June,  1843,  at 
Manegaum  in  Ehandeish,  was  found  to  consist  of  a  single  pale 
yellow-green  silicate,  the  crystals  and  the  fine  ground-mass,  in  which 
they  are  inclosed,  having  the  same  composition  :  that  of  an  Ensta- 
tite  with  the  formula  (f  Mg  ^  Fe)  Si  Ojj.  A  very  small  amount  of 
iron  was  also  met  with.  This  stone  differed  from  that  of  Busti,  in 
that  the  latter  contains  a  nearly  pure  magnesian  Enstatite,  that  of 
Manegaum  being  a  highly  ferriferous  one.  The  two  meteorites 
concur  in  throwing  light  on  the  nature  of  the  flocculent  opaque 
mineral  seen  in  the  microscopic  sections  of  many  meteorites. 

The  Bbbitenbaoh  Meteorite  was  found  at  Breitenbach,  in 
Bohemia,  in  1861.  It  belongs  to  that  class  of  meteorites  which  have 
been  termed  '<  sidorolites,"  a  sponge-like  skeleton  of  nickeliferous 
iron  inclosing  silicates.  The  siliceous  minerals  in  the  present  in- 
stance are  two  in  number:  the  one  is  a  ferruginous  enstatite  or 
bronzite,  crystallizing  in  the  rhombic  system,  and  having  the  formula 
(Mg^Fe^)  SiO|;  the  other  is  a  new  form  of  silica,  having  the 
specific  gravity  of  fused  quartz  (2*24),  and  crystallizing  in  the  ortho- 
rhombic  system,  differing  therefore  in  its  system  from  the  recently 
discovered  tridymite  of  Vom  Bath.  Aamantie,  as  the  meteoric 
silica  has  been  named,  constitutes  almost  one-third  of  the  mass  of 
mixed  siliceous  minerals.     Troilite  and  Chromite  qxq  also  si^ariu^l^ 
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met  with.  The  iron  has  the  <5ompo8itioii  Fojo  Ni,  and  contains 
a  trace  of  cepper.  It  is  remarkable  that  this  meteorite  greatly 
resembles  those  of  Bittersgriin  and  Steinbach,  and  it  app^^rs  highly 
probable  that  they  belong  to  the  same  meteoric  fall  whicii  is  believed 
by  the  illustrious  Breithaupt  (whose  loss  we  have  now  to  deplore)  to 
have  been  the  "  Eisen  regen,"  that  occurred  at  Whitsuntide,  1164  i^ 
Saxony,  when  a  mass  of  iron  fell  in  the  town  of  Meissen. 

Several  hundred  meteorites  have  also  been  cut,  under  the  direction 
of  Prof.  Maskelyne,  and  thin  slices  mounted  for  microscopic  examina- 
tion of  their  crystalline  structure,  a  study  which  promisee  most 
valuable  results  for  Petrology. 

We  have  only  space  here  to  call  attention  in  passing  to  a  most 
important  paper  by  the  eminent  French  chemist  and  physicist, 
Prof.  Daubree,  on  Meteorites  and  their  composition,  given  nearly 
in  extenso  in  the  Gkol.  Mag.  1866,  Vol.  IH.  p.  362  and  p.  414,  and 
a  later  notice  on  the  Classification  of  Meteorites  (Gkol.  Mag.  1868, 
Vol.  V.  p.  75),  both  of  which  are  deserving  of  careful  perusaL 

Foremost  among  petrologists  in  this  country  must  be  mentioned 
the  names  of  Mr.  David  Forbes,  F.R.S.,  and  Mr.  Henry  0.  Sorby, 
F.B.S.,  some  of  whose  researches  have  already  been  made  public  in 
the  Transactions  of  the  Boyal  Society  and  elsewhere. 

Mr.  Samuel  Allport,  F.G.S.,  Prof  Haughton,  F.B.S.,  and  more  re- 
cently still  Prof.  Edward  Hull,  F,B.S.  (Director  of  the  Geological 
Survey  of  Ireland),  have  been  devoting  much  care  and  attention  to 
the  microscopic  investigation  of  igneous  rocks  and  their  constituent 
minerals.  The  most  recent  of  these  relate  to  the  investigation  of 
the  Pitchstones  and  Felsites  of  Arran  by  Mr.  Allport :  ^  and  that  of 
the  Limerick  Traprooks  and  Irish  Granites  by  Prof.  Hull.* 

An  important  stop  has  been  taken  by  the  former  writer  towards 
the  demolition  of  that  long- prevalent  and  once  generally-received 
doctrine  that  the  eruptive  rocks  of  Palaeozoic  age  were  always  distinct 
in  composition  and  structure  from  those  of  the  Tertiary  period  Mr. 
Allport  points  out  that  great  differences  do  certainly  exist  between 
augitic  lavas  of  different  volcanic  districts ;  but  he  maintains  that  the 
same  is  true  of  those  of  the  older  geological  periods,  and  similar 
differences  occur  between  rocks  of  various  ages. 

"  Thus,  by  ignoring  the  distinction  now  made  between  rocks  of  dif- 
ferent ages,  when  there  is  really  no  essential  difference  between  them, 
wo  should  get  rid  of  melaphyrj  aphanite,  anamesUe,  diabase,  and  green- 
stone. The  three  former  are  but  varieties  of  '  dolerite,'  *  diabase '  is 
simply  an  altered  *  dolerite,*  while  '  greenstone  *  has  now  no  definite 
meaning  whatever,  having  been  applied  to  diorites,  dolerites,  felsites, 
or  in  fact  to  any  rock  which  a  collector  or  writer  could  not  make 
out." ' 

(h.)  Physical  Geology  (Mountains). — In  traversing  the  surface  of 
our  earth,  or  in  crossing  the  waters  of  the  ocean,  we  meet  with  forms 

»  S.  Allport,  "Igneous  Rocks  of  Arran,"  Geol.  Mao.  1872,  Vol.  IX.  p.  644. 
Sec  also  op.  cit.  1873,  Vol.  X.  p.  196. 
2  Prof.  HuU,  Geol.  Mao.  1873,  Vol.  X.  pp.  168  and  193. 
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of  beaaiy,  graoe  and  grandenr  which  impress  themselves  in  varying 
degrees  of  intensity  npon  our  senses.  Bat  there  is  none  perhaps 
oalcalated  to  produce  a  more  vivid  and  durable  impression  on  the 
mind  than  the  contemplation  of  a  lofty  mountain,  especially  when 
viewed  from  a  level  plain  or  from  the  sea.  With  the  exception  of 
volcanic  cones,  there  are  however  but  very  few  solitary  mountains 
which  rise  by  themselves  in  the  midst  of  a  level  country. 

In  almost  all  the  countries  of  the  world— in  those  at  least  which 
possess  any  at  all  strongly -defined  relief — we  meet  with  summits  in 
considerable  numbers,  either  arranged  in  groups  or  in  long  ranges. 
As  an  illustration  of  the  former  we  may  give  the  Hartz  Mountains 
in  Oermany ;  Mount  Sinai  in  the  Arabian  Peninsula ;  and  the  lofty 
cluster  of  the  Sierra-Nevada  of  Santa  Marta  rising  to  19,680  feet- 

The  chains,  properly  so  called,  which  are  always  distinguished  by 
a  considerable  development  of  the  length  of  the  upheaved  ground, 
sometimes  also  have  a  dominant  peak  as  their  central  culmination  on 
each  side  of  which  the  summits  of  the  ridge  become  gradually  lower. 
One  of  the  finest  illustrations  of  a  mountain-chain  is  that  of  the  South 
American  Andes ;  their  extreme  regularity  of  form  and  the  harmony 
of  their  arrangement  through  the  enormous  length  of  4350  miles, 
together  with  the  great  height  which  its  peaks  maintain  over  a  space 
of  about  50  degrees  of  longitude,  give  to  this  chain  a  unique  and 
typical  character.^ 

In  past  ages  every  mountain-peak  of  importance  and  prominence 
was  worshipped  or  venerated  as  the  seat  of  some  divinity.  Although 
this  particuLEur  form  of  idolatry  is  not  pursued  in  the  nineteenth 
century  (save  by  the  members  of  the  Alpine  Club,  who  make  still 
their  annual  human  sacrifice  upon  the  summits  of  the  Matterhom 
or  Monte  Bosa),  to  the  geologist  of  to-day  the  mountains  afiford 
peculiar  attraction.  For  to  him  they  are  illustrations  of  accumula- 
tion and  elevation  upon  the  grandest  possible  scale,  extending  over 
the  largest  area  of  surface,  and  occupying  the  longest  period  of  time 
in  their  formation  of  any  feature  of  the  earth's  crust  with  which  he 
is  brought  in  contact.  To  a  certain  extent  they  govern  the  form  of 
continents :  for  their  direction  or  axis  being  that  of  the  elevating 
force,  must  correspond  in  a  general  way  with  that  of  the  land  arouna 
them  and  at  their  feet.  They  are  also  among  the  most  permanent 
features  of  the  earth's  surface,  and  the  most  difficult  to  obliterate.' 

The  question  of  the  formation  of  mountain-chains  has  of  late 
occupied  the  consideration  of  many  of  our  ablest  and  most  profound 
physical  geologists.     Names  like  those  of  Poulett-Sorope,'  Dana,^ 

*  Rectus'  "  Tho  Earth,"  English  Edition,  section  i.  chap.  xix. 

*  Ansted'B  Phjrsical  Geography,  p.  74. 

*  See  "  Obserrations  on  the  Internal  Fluidity  of  the  Earth/*  by  G.  Poulett-Scropc, 
P.R.S.,  Geol.  Mao.  1868,  Vol.  V.  p.  637,  and  Vol.  VI.  p.  146.  ♦*  Cause  of  Volcanic 
Action,"  Geol.  Mao.  1869,  Vol.  VI.  p.  196.  Prefatory  Remarks  to  the  Reiaaue  of 
Mr.  Poulett-Scrope's  great  work  on  Volcanos,  1872,  London,  8?o.,  Longmans, 
pp.  490,  illustrated  by  plate  and  map  and  about  seventy  woodcuts,  with  a  Second 
Appendix  of  Earthquakes  and  Volcanic  Eruptions  from  1860-72. 

*  See  Prof.  Dana  s  papers  in  Dana's  and  Silliman's  American  Journal  of  Science, 
1873,  ToL  T.  no.  29,  p.  347,  no.  30,  p.  423 ;  vol.  vi.  no.  31,  p.  6,  no.  32,  p.  104, 
no.  33,  p.  161.    Prof.  Dana's  views  were  originally  published  in  1847. 
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IbDeC'  Jsmn  Hflll,>  Steiry  Hnt»>  FkoC  8U«r,«  Ber.  O.  Rkr.* 
Prot  J.  D.  ^Wliitiiej/  ProL  Le  Gonte^'  Mfdlimtt.*  Hnttoii,*  ai 
many  oftfaerit  mig^t  be  enrnnfiated,  to  ihow  bow  Isge  a  d»  of 
attention  has  of  late  been  divecCod  to  its  elncidatioB. 

It  would  be  quite  impossible  to  gire  the  Tiews  of  all  these  wiftm 
in  detail,  bat  it  mxj  be  practicable  to  point  ovt  some  of  the  non 
important  of  the  oondnnona  at  whidi  thej  haTs  aniTed. 

And  first  it  maj  be  well  to  pvemiae  t^  it  mpcaia  to  ha^e  bea 
Tery  genetallj  aesumed  among  geologists  that  all  the  phenomeDS  of 
cormgation  of  the  earth's  sorface,  ndiether  exhibited  in  momitsia 
ranges  or  in  continenta,  are  to  be  regarded  as  effects  of  one  snd  the 
same  cause,  differing  only  in  magnitiide. 

It  is  manifest  that  it  ik  a  matter  of  first  importanoe,  in  ^^t^nm^  n 
explanation  of  the  origin  of  these  phenomena,  to  determine  whednr 
this  aasnmed  identity  of  caose  be  true  or  no.  If  it  be  a  fact  thst 
continental  elevations  and  monntain  elevations  are  bnt  degnjes  cf 
effect  of  the  same  caose,  then  there  should  be  no  other  difierenoei  in 
the  phenomena  than  those  of  magnitude,  or  of  features  dependeut 
dire^y  upon  the  magnitude  of  areas  involTed  in  the  disturbanoe; 
furthermore,  there  should  be  something  like  a  series,  at  one  extreniit|f 
of  which  could  be  placed  the  greatest  relief  of  continental  fold  uA 
oceanic  depression,  and  passing  gradually  to  the  most  incoQsideEable 
flexures.  It  requires  no  very  careful  examination  to  bring  the 
obserrer  to  the  conviction  that  these  essoDtial  fiaatures  do  not  exist 
The  phenomena  observable  in  the  two  actions  are  not  cognate.** 

Whether  we  regard  the  earth  as  an  oblate  spheroid,  perfectly  solid 
throughout,  or  as  having  a  more  or  less  thick  crust  and  a  fluid 
interior,  we  are  justified  in  considering  it  as  suffering  from  cooling 
by  radiation,  and  contracting  in  a  more  or  less  degree  from  a  time 
long  antecedent  to  the  formation  of  the  very  oldest  metamorphic  or 
sedimentary  deposdts  with  which  we  are  acquainted. 

If  the  matenal  of  the  globe  were  homogeneous,  and  therefore  of 

'  "  The  Eruption  of  Vcsuvins  in  1872,"  by  Prof.  Palmieri,  with  XotM  and  Tntro- 
dnctoiy  Sketcn  of  TGrrestrial  Ynlcanicity,  by  Robert  Mallet,  F.R.S.  London, 
Asher  &  Co.,  1873. 

*  llairs  Taljtontolo^T  of  New  York.  See  abstract  of  Prof.  Hall's  views  by  Prof. 
Dana,  Silliman's  Jonma'l  of  Science.  1873,  toL  ▼.  no.  29,  p.  347. 

»  Prof.  T.  Sterry  Hunt,  on  "  The  Origin  of  Continenls."  Geol.  Mao.  1867,  Vol. 
IV.  p.  223.  **  Chemistry  of  the  Primeval  Earth,"  ibid.  1867,  VoL  IV.  pp.  357  and 
477.  ''On  the  Probable  Seat  of  Volcanic  Action,"  Geol.  Mao.  1869,  Vol  VI. p. 
24/>;  ibid,  1870,  Vol.  VII.  p.  60. 

*  Prof.  Shaler,  "Formation  of  Mountain  Chains,"  Geol.  Mao.  1868,  VoL  V. 
p.  511. 

*  KoY.  0.  Fisher,  "On  the  Elevation  of  Mountain  Chains,"  Geol.  Mao.  1868, 


Vol.  V.  p.  493,  and  1873,  Vol.  X.  p.  248. 
•  Pror.  J.  D.  Whitney,  "On  Mountain  iluiiding,"  p.  u 
'  Prof.  Lo  Conte  in  Silliman's  American  Journal  of  Science,  1872,  vol.  iv.  no. 


•  Prof.  J.  D.  Whitney,  "On  Mountain  Building,*' p.  101. 
'  Prof.  Lc  Conte  in  Sillim 
23,  p.  345,  and  no.  24,  p.  460. 


>,  p.  040,  ana  no.  -^4,  p.  46U. 

'  ii.  B.  Mcdlicott,  "On  the  Alps  and  Himalayas,"  Quart  Journ.  Geol.  Soc.  1868, 
vol.  xxiv.  p.  34. 

'  Captain  F.  W.  Button,  "On^he  Formation  of  Mountains,"  Gsol.  Mao^  1873, 
Vol.  X.  p.  166. 

»•  Vrot  Shaler,  Geol.  Mao.  IftSft,  Vo\.  Y  .  ij.  5V<^ 
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equal  conductivity  along  eyery  radiciB,  then  the  cooling  and  the  con- 
seqnent  contraction  along  each  radius  would  be  equal,  and,  so  far  as 
this  cause  is  concerned,  the  earth,  though  becoming  smaller,  would 
maintain  its  symmetry  of  form  and  its  universal  ocean.  But  such 
homogeneity  could  not  be  expected,  nor  docs  it  exist.  In  a  hetero- 
geneous earth  thus  cooling,  areas  of  greater  conductivity  would  cool 
more  rapidly,  and  therefore  contract  more  rapidly  in  a  radial  direc- 
tion. These  more  conductive  areas  with  shorter  radii  would  form  the 
sea-bottoms,  while  the  less  conductive  and  therefore  less  radially 
contracted  portions  would  become  land-surfaces.  The  accumulation 
of  water  on  the  shorter  or  more  contracted  radii  would  not  check  the 
process :  for  although  water  is  a  bad  conductor,  yet  it  conveys  heat 
firom  the  bottom  to  the  surface  by  convection  with  great  rapidity : 
and  therefore  the  process  of  cooling  through  a  stratum  of  water 
wonld  go  on  far  more  rapidly  than  through  a  stratum  of  any  rocky 
materifld.  The  same  process  continuing  would  tend  constantly  to 
increase  the  inequalities  thus  commenced.  In  other  words,  the  sea- 
bottoms  would  sink,  and  the  continents  increase  in  size  and  height. 
(Joseph  Le  Conte.) 

Thus,  through  the  unequal  contraction  of  the  earth's  crust,  by 
which  the  great  continental  areas  were  originally  elevated  as  vast 
anticlinals  above  the  general  ocean,  the  first  preliminary  stage 
necessary  for  the  commencement  of  mountain-formation  would  be 
accomplished. 

From  this  date  sedimentary  deposits  on  the  largest  possible  scale, 
resulting  from  meteoric  action  over  the  newly-made  continents,  would 
begin  to  accumulate  in  the  great  submarine  synclinals  parallel  to  the 
coasts. 

It  is  a  well-known  fact,  first  brought  prominently  forward  by 
Prof.  James  Hall,  that  mountain-chains  are  composed  of  enormous 
masses  of  sediments  10,000,  20,000,  or  even  40,000  feet  in  thickness. 
How  have  these  vast  masses — accumulated  at  such  low  levels — ^been 
elevated^  not  merely  on  a  liue  with  the  continent  itself,  but  thousands 
of  feet  above  the  sea  ?  And  why  does  the  yielding  to  horizontal 
pressure  take  place  along  these  lines  of  deposit  in  preference  to  any 
other? 

Prof,  Joseph  le  Conto  suggests  that  the  answer  is  to  be  found  in 
the  theory  of  the  aqueo-igneous  fusion  of  deeply-buried  sediments. 

The  accumulation  of  sediment,  as  first  shoAvn  by  Scrope,  Babbago, 
and  afterwards  by  Sir  John  Ilerschcl,  necessarily  pi-oduces  a  rise  of 
the  geo-isotherras,  and  an  invasion  of  the  sediments  by  the  interior 
heat  of  the  earth.  From  this  cause  alone,  taking  the  increase  of 
interior  heat  at  1°  for  every  58  feet,  or  about  90"  per  mile,  and  adding 
the  mean  surface  temperature  (G0°),  the  lower  portion  of  10,000  feet 
of  sediments  must  be  at  a  temperature  of  about  230^ ;  and  of  sediments 
40,000  feet  thick,  like  those  of  the  Appalachian  chain,  must  be 
nearly  800°  Fahr.  Even  the  former  moderate  temperature,  long 
continued  in  the  presence  of  the  included  water  of  the  sediments, 
would  be  sufficient  to  produce  incipient  change — at  least  segregation, 
if  not  metamorphism.     In  fact,  segregation  of  fted\\na\i\»  "^Vi.  ^x^- 
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bably  take  place  tinder  heavy  pressure,  even  at  ordinary  temperatme, 
but  is  no  doubt  hastened  by  high  temperature.  Such  a  tempeiatnre 
as  800°  is  certainly  sufficient  to  produce  not  only  metamorphism,  hot 
aqueo-igneous  pastiness,  or  even  complete  aqueo-igneous  fusioiL 
With  a  small  quantity  of  alkali  in  the  included  water  of  such  sedi- 
ments, all  these  changes  would  take  place  at  a  much  lower  temper- 
ature. 

Suppose  then  sediments  accumulating  along  the  shores  of  a  conti- 
nent :  the  first  effect  is  segregation,  and  therefore  increasing  density, 
and  consequent  contraction  and  subsidence  pari  passu  with  the  deposit. 
Next,  if  the  accumulation  of  sediment  continue,  follows  aqueo-igneoiu 
softening,  or  oven  melting,  not  only  of  the  lower  portion  of  tha 
sediments  themselves,  but  of  the  underlying  strata  upon  which  they 
are  deposited.  The  subsidence  probably  continues  during  this  process. 
Finally  this  softening  determines  a  line  of  yielding  to  horizontal 
pressure,  and  a  consequent  up-swelling  of  the  line  into  a  chaiiL 
Thus  are  accounted  for,  first  the  subsidence,  then  the  subsequent  up- 
heaval, and  also  the  metamorphism  of  the  lower  strata  so  universal 
in  great  mountain-chains,  lly  this  view,  of  course,  the  exposure  of 
tlie  metamor()hic  i-ocks  on  the  surface  is  the  result  of  subsequent 
erosion.  Even  the  granitic  axis,  Le  Conte  thinks,  in  most  cases  is 
but  the  lowermost,  and  therefore  the  most  changed  portion  of  the 
squeezed  mass,  exposed  by  subsequent  erosion;  although  it  is  by  no 
means  impossible  that  in  some  cases  the  granite  may  be  squeezed  oat 
as  a  pasty  mass  through  a  rupture  at  the  top  of  the  swelling  mass 
of  strata. 

This  theory,  as  will  be  observed,  strongly  inclines  towards  the 
metamor2)liic  origin  of  granite,  but  does  not  require  it.  For  there 
is  nothing  to  hinder  the  aqueo-igneous  fusion  of  an  original  granite 
crust  by  the  accumulations  of  sediments  upon  it,  and  the  consequent 
yielding  of  the  crust  along  the  line  of  accumulation. 

But  a  mountain-chain  is  not  a  simple  mass  of  strata,  which,  l)ecoin- 
ing  to  a  certain  extent  plastic,  from  aqueo-igneous  action,  and  j'ielding 
to  horizontal  pressure,  bonds  upwards  into  an  arch,  leaving  a  hollow 
space  beneath,  nor  is  it  such  an  arch  filled  and  supported  bj^  an  in- 
terior liquid  mass.  On  the  contrary,  if  we  examine  carefully  tbo 
structure  of  any  extensive  mountain  range,  we  shall  find  that  it  is 
not  only  made  up  of  masses  of  immensely-thick  sediments,  but  that 
these  have  been  folded,  crumpled,  crushed,  fissured,  and  faulted  in 
the  most  marvellous  manner,  whilst  the  intimate  structure  of  the 
rock  has  been  entirely  altered  by  having  undergone  slaty -cleavage, 
produced  by  powerful  pressure  perpendicular  to  the  planes  of 
cleavage.,  by  which  the  whole  rock-mass  has  been  mashed  together 
and  shortened  in  that  direction,  and  correspondingly  extended  in  the 
direction  of  the  planes  of  cleavage.  As  these  planes  of  cleavage 
are  usually  highly  inclined,  or  even  vertical,  it  is  evident  that  the 
rock-mass  has  been  crushed  together  horizontally,  and  swelled  up, 
vertically.  As  a  necessary  consequence  of  the  crushing  together,  we 
find  associated  with  cleavage  the  most  complex  foldings,  not  only  of 
the  strata,  but  of  the  layexa,  &\i^  ^^^n  ol  U;i<^  finest  lines  of  lamin- 
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3n.  Taking  an  ideal  cabe  of  the  original  unsqueezed  mass,  the 
irage  ratio  (aooording  to  the  observations  of  Sorby  and  Haughton) 
the  greatest  diameter  (t.e.  in  the  plane  of  cleayage)  to  the  least 
meter  (or  at  right-angles  to  the  cleavage)  becomes,  after  squeezing^ 
dx  to  one.  Suppose  then  a  mass  of  sediments  10,000  feet  thick 
jected  to  horizontal  pressure  and  crushing  sufficient  to  develope 
il-marked  cleavage-structure :  a  breadth  of  2^  miles  would  be 
shed  into  one  mile,  and  10,000  feet  thickness  would  be  swelled  to 
300  leet,  making  an  actual  elevation  of  the  surface  of  15,000  feet. 
^ns  *'  the  phenomena  of  plication  and  of  slaty  cleavage  demon- 
kte  a  crushing  together  horizontally,  and  an  upswelling  of  the  whole 
»  of  sediments;  slaty  cleavage  proves,  in  addition,  that  the  up- 
dling  produced  by  this  cause  alone  id  sufficient  to  account  for  the 
ration  of  the  greatest  mountain-chains  in  the  world." 
!je  Conte's  essay  has  not  only  added  many  original  and  well- 
acted  ideas  upon  this  important  subject,  but  it  also  embraces  the 
lier  observations  of  Scrope,  Herschel,  Dana,  Sedgwick,  Lyell, 
rry  Hunt,  gtuder,  Hall,  etc.  His  article  deserves  the  careful  con- 
aration  of  geologists.^ 

3at  there  is  another  phenomenon  presented  by  mountain-ranges 
icb  it  is  necessary  to  account  for, — namely,  the  evidence  which 
ny  of  them  present  of  repeated  oscillations  of  elevation  and 
>res8ion  going  on  for  immense  periods  of  time,  and  extending  over 
as  of  many  thousands  of  square  miles. 

3ach  earth-movements  which  cannot  be  referred  to  the  secular 
ding  and  contraction  of  the  outer  belt  must  be,  says  Mr.  Poulett- 
:x>pe,  attributed  to  the  irregular  transmission  of  heat  by  conduction 
m  one  part  of  the  subterranean  matter  to  another,  its  isothermal 
nes,  and  consequently  its  expansion  and  contraction,  varying  with 
\  changes  in  the  conductivity  of  the  overlying  rocks. 
Before  I  leave  this  subject,  I  think  it  may  be  well  to  suggest  a 
ition  as  regards  the  reception  of  one  proposition  which  has  been 
•Bt  ably  advocated,  both  in  this  country^  and  also  in  America,'  in 
erence  to  areas  of  deposition.-  It  is  that  the  "  slowly  progressing 
)Bidence  over  areas  of  accumulation  was  occasioned  by  the  weight 
the  slowly  and  successively  accumulated  sediments."  There  must 
a  fundamental  error  in  this  proposition ;  for  if  500  feet  thickness 
moist  sediment  have  power  by  gravitation  to  depress  the  sub- 
ent  crust  of  the  ocean-bed,  how  much  more  must  the  compact  and 
id  mass  of  the  Himalayas — covering  a  length  of  1550  miles  and  a 
»dth  of  620  miles,  with  its  380  peaks  upwards  of  20,000  feet 
)ve  the  sea  and  two  nearly  30,000  feet  high — sink  down  into  the 
tiding  crust  beneath  I 
In  a  paper  on  "  Volcanos,"*  communicated  by  me  to  this  Society, 

See  Dana's  and  Silliman's  American  Journal  of  Scicn<;c,  1872,  vol.  iv.  no.  23, 
W6.  no.  24.  p.  460  ;  1873,  vol.  v.  no.  30,  p.  448. 

**0n  SuWdence  the  Effect  of  Aoeumulation,"  by  Dr.  Ckailes  Ricketts,  F.G.S. 
Oh.  Mao.  1872.  Vol.  IX.  p.  119. 

Prof.  James  Hall,  Palaeontology  of  New  York. 

"  On  Volcanos,"  by  H.  "Woodward,  Proc  Geol,  Assoc.  1871,  vol.  ii.  p.  6,  fig.  1 ; 
.  Qeol.  Mao.  1871,  Vol.  YXII.  p.  338. 
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I  endeavoured  to  express,  by  a  diagram,  to  how  merely  Bnperficil 
a  film  of  the  earth's  surface  our  knowledge  is  after  all  confined. 

Such  trivial  modifications  of  elevation  or  depression  aa  we  see  irei 
after  all,  only  skin -deep ;  they  are  but  wrinkles  left  by  the  handrf 
Time  on  the  still  fair  face  of  Mother  Earth. 

Passing  from  the  formation  of  mountain-chains  to  the  meteorio 
agencies  which  have  shaped  them,  and  given  to  one  and  all  the  Cfatr 
ward  forms  they  wear  to-day,  we  cannot  but  express  our  thanki  to 
the  Duke  of  Argyll  for  the  very  clear  and  able  manner  in  whidi  bs 
has  endeavoured  to  direct  the  current  of  geological  ideas  oonceniiiig 
that  much-debated  subject,  Glacial  action  *— one  of  the  moat  polai 
agents  with  which  the  geologist  is  acquainted,  and  which  his  un- 
doubtedly played  a  most  important  part  throughout  our  Northen 
Hemisphere  iu  Pliocene  and  Quaternary  times.  When  howeT«r 
ardent  geologists  invoke  its  aid,  in  the  form  of  a  great  polar  ice-ctp^ 
capacious  enough  to  enwrap  **  e'en  the  great  globe  itself,"  alike  foTgetp 
ful  of  the  fatal  consequences  to  its  Fauna  and  its  Flora,  I  feel  obliged 
as  a  palaeontologist  to  protest  against  such  severity. 

Yet  so  strong  is  the  faith  in  this  universal  panacea  of  ice,  that 
Prof.  Agassiz,  when  travelling  in  Brazil — almost  beneath  the  eqvaler 
— actually  saw,  in  imagination,  a  mighty  glacier  upwards  of 
4000  miles  in  length,  filling  the  vast  valley  of  the  Amazons,  and 
stretching  from  its  source  in  the  Andes  to  Para,  pushing  its  mighty 
terminal  moraine  before  it  to  the  sea.  llien  the  glacier  was  melted, 
and  became  a  lingo  lake  with  block-laden  icebergs  on  its  surface. 
Then  the  terminal  moraine  became  weakened,  and  at  last  burst,  and  the 
vast  flood  of  waters  rushed  seawards,  leaving  many  a  wreck  behind  I 

This  view  of  the  glacial  origin  of  the  valley  of  the  Amazons, 
writes  Mr.  C.  F.  Hartt,  appears,  from  subsequent  examination,  to 
have  been  purely  hypothetical,  and  the  geological  reading  of  the 
beds  wholly  erroneous.* 

Prof.  Phillips,  in  his  "Geology  of  Oxford  and  the  Valley  of  the 
Thames,"  and  subsequently  Mr.  Henry  Walker,  F.G.S.,  have  shown  how 
the  erratics  of  Cumberland,  of  the  Midlands,  or  of  Wales,  may  have 
been  ice-bomo  and  deposited  upon  the  then  submerged  surface  of  the 
London  area :  and  in  company  with  Mr.  Walker  we  have  examined 
and  endeavoured  to  learn  the  reading  of  the  Glacial  Drift  at  Finchley, 
the  full  account  of  which  he  promises  to  give  us  in  his  forth  coming  work. 

Tlie  valuable  paper  by  Prof.  Nordenskiold  on  Greenland'  has  con- 
tributed much  information  as  regards  ice-formation  and  ice-action  of 
immense  value  to  geologists,  and  well  calculated  to  have  a  modifying 
and  corrective  influence  over  our  discussions  of  glacial  theories. 

Apart  from  astroiiomiciil  causes,  which  must  undoubtedly  be 
invoked  in  order  to  bring  glacial  conditions  down  to  such  low 
latitudes  as  England  and  the  South  of  France,  we  have  iu  history 

*  Sec  the  Diiko  of  Arg^-U's  Address  as  President  of  the  Geol.  See.,  Lond.,  Qoarl 
Journ.  Gool.  Soc.  1873,  vol.  xxix.  p.  xxx.  and  p.  508. 

'  See  Silliraau's  American  Journal,  No.  19,  for  July,  1872,  article  hy  Ch.  F.  H*rK» 
p.  63. 

*  See  Geol.  Mao.  W2,\o\.1X..  ^^.^^^Si^Vo^^VCi^.WQ^^ie. 
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m  ezoellent  illuBtration  of  what  a  period  of  less  than  a  thousand 

can  effect  aa  regards  climatal  conditions  by  a  very  slight  de- 

>tion  in  an  oceanic  current. 

In  983  some  Norwegian  adventurers  from  Iceland  discovered  the 

Continent  of  Greenland.    They  planted  a  colony  on  the  eastern 

^Ottst,  and  the  intercourse  between  this  colony,  Iceland,  and  Denmark, 

^'*«  continued  till  the  beginning  of  the  fifteenth  century. 

Rt>ni  this  date,  owing  to  an  insetting  of  the  Arctic  current  and  a 

^'^'^■equent  gradual  increase  of  the  Arctic  ice  upon  the  coast,  the 
?^^o>^y  became  inaccessible,  and  the  records  of  it  disappear  from 
^tory.    In  1679, 1588.  1606,  1607,  1652,  1670,  1671,  1751,  and  so 
rJ[»down  to  our  own  time,  the  intrepid  Danes  have  striven  to  re- 
^^  Qommunication  with  their  lost  eastern  colony,  but  all  in  vain,  the 
JJ^^Bg  "ice-pack"  has  shut  in  this  emerald  coast,  whose  valleys,  well 
5^ked  with  reindeer  and  covered  with  soft  verdure,  first  attracted 
^^  ^^esire  of  these  hardy  Norsemen  to  make  it  their  home.     It  would 
.   ^1^ interesting  to  ascertain  whether  the  increasing  cold  has  fostered 
^^  growth  of  glaciers  to  such  an  extent  as  to  fill  the  eastern  valleys 
^Wn  to  the  sea-margin,  or  whether  the  little  Danish  colony  has  hold 
^^  own,   secluded  from  the  outer  world,  and  has  maintained  its 
primitive  existence  in  this  ice-bound  land,  occupying,  as  the  western 
Gnenlanders  do,  the  sea-shore  and  the  tract  of  low  valleys  border- 
ing on  the  coast,  which  may  have  remained  clear  of  ice,  and  which 
^ield  in  the  short  hot  arctic  summer  a  fair  amount  of  vegetation. 

Taming  our  attention  for  a  moment  to  the  Hocky  Mountains  of 
Iforth  America,  it  is  of  great  interest  to  the  geologist  to  learn  that 
eridences  of  the  declining  energies  of  two  great  forces — ^volcanic 
•nd  glacial  action — have  been  met  with  in  this  range. 

The  first  is  attested  in  the  wonderfid  series  of  geysers,  mud- 
▼olcanos,  and  thermal  springs  discovered  and  described  by  Dr.  F.  V. 
Haydon,  U.S.  Geologist,  in  Wyoming  Territory ; '  the  second  by  the 
discovery  of  still  active  glaciers  in  the  Yosomito  Valley  and  vicinity, 
in  California,  described  by  Prof.  J.  Le  Conto  and  Mr.  John  Muir.* 

Did  space  pennit,  I  would  allude  to  the  labours  of  the  American 
Geological  Surveyors  ;  to  those  of  the  Geological  Survey  of  India ; 
of  oar  home  Survc}' ;  and  of  that  still  more  wonderful  sub-nmrine 
Survey,  begun  in  H.  M.  S.-Ships  "  Porcupine  "  and  *' Lightning  "during 
1868,  '69,  '70 ;  and  now  behig  systematically  caiTied  on  by  the 
Admiralty  in  H.  M.  S.-S.  ''Challenger"  by  Prof.  Wyvillo  Tliomson 
andiiis  staff.  But  I  find  my  time,  and  I  fear  your  2)atience,  will 
alike  be  exhausted  ei'e  I  conclude. 

I  would  fain  bear  testimony  to  the  valuable  work  which  has  been 
carried  on  by  members  of  this  Association  in  the  Moneviaii  Kocks  of 
St.  David's.     This  task,  initiated  by  Mr.  Henry  Hicks,  F.G.S.,^  and 

^  Sec  Dana  and  Silliman's  American  Journal  of  Science,  1872,  third  scries,  vol.  iii. 
p.  161,  and  p.  295. 

s  See  Duna  and  Silliman's  American  Journal  of  Science,  1873,  toI.  t.  p.  G9,  and 
p.  325. 

>  Kescarchcs  in  the  Lin|;;ula  Flags  of  South  Wales  (Joint  fioport  to  Britinh  Asso- 
ciation, Birmingham,  1865),  Geol.  Mag.  1866,  Vol.  III.  p.  27.  On  Liugulclla 
from  the  Lower  Cambrian,  Quart.  Joum.  GeoL  6oc.  1867|  vol.  xxiii.  p.  339.     On 
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afrerwiris  '  :2::t  crkrr.c-i  on  hv  Mi-ssrs.  Salter  and  Hicks,  has  ana 
l»i:ei!  'il:-:ri!:T  -K-.rk-ei  "Ut  l-y  Mr.  Hicks  alone  (as  regards  the 
jre.I'jT  i!. :  T^>.:i.:  ::^rT  .  s-ave  in  the  matter  of  the  Grapfolifci; 
ihv*^  L\^-!M•  ^•r-.r.  CiTtrf  -^Iy  iiivestijTited  bv  Mr.  John  HopkiDS(m, 
r.G.^.,  v..  ■/:!">•  s-':::ri  by  1*^- f.  Jamos  Hall,  of  Allxiny.  U.SA, 
wh^zi  v> ::::._-  Er-jlir..:  l.ts:  year,  and  tend  to  throw  important  li^ 
on  t":.-?  -ijv  ■::"  fr.T-'r  tk-  :«. 

r^nr  *:r't^-T:-ri  V::•r-l'rv^:  :ent.  Prof.  Morris,  has  given  us  another 
val'i:t!-^  'ill  ::•  lur  k:.  wlrljro  of  the  older  Palaeozoic  rocks  in th» 
orn?:>e  '.ra]  •Llv:;r  >'iv.-.Tn'sry  Le  has  frimished  to  Salter's  Catali)gaeof 
the  I'liN.-cz  ic  Firtsils  \ii  iLe  W-.-odwardian  Musenm  at  Cambridge. 
In  :l:'iT  i:iMe  we  ar-.-  >'.irj-lir  1  with  a  Concordance  to  the  classification! 
of  S-.-lLTwi-.k.  ^I::r:ii:s;ii.  Jriko*.  Lyell.  Phillips,  and  the  (re-.'>logical 
.Sun-'rv  :  .'tn  1  tLv.«  one  ••f  t]ie  gr^.-at  sriimbling-hloeks  to  students  ii 
rei:*.v.:-l  1  v  L:*  >'ire  nnd  exi-irienced  hand.  It  is  coufidentlr  to  be 
h'.«i^->l  ihuT  .Svd jwijk's  -.1  ossification  i  though  late  in  receiving  iti 
just  nw.'ird •  miv  ijiw  cMiira-znce  to  be  recognized  and  taught,  and 

this  i-*  :lie  i:i"p:-  likelYfr-in  the  able  manner  in  which  Prof.  T.  Stem 

•  ■ 

Hunt  has  ftr^ued  the  ca.<e  between  Murchison*8  Silurian  and  Sedf 
wick's  Cambrian  claims.* 

II. — Paueoxtologt. 

(a,)  Pal(rophtjto1ogij. — Much  important  work  has  been  done  in 
Fossil  Botany  diirin;r  the  past  year  by  Williamson,  Heer,  Camithen. 
Binnev,  Tliiseltnn  Dver,  and  others,  a  reconl  of  which  has  annnallr 
been  drawn  up  l\v  Mr.  Carnithers,  and  published  in  the  Geological 
Magazinp:  ^S'-e  Oi-tober  Number,  p.  40 T. 

In  a  subjiM-t  like  pala-Mpliytohigy.  mucli  time  must  necossatilvbe 
taken  up  in  rf--invi*stigatiii^  doubtful  points:  for  even  %vheiv  plan:- 
remains  are  abundant,  it  is  most  often  the  case  that  the  orj»iasof 
fructification,  upon  which  a  really  reliable  detenninat ion  miirht  be 
based,  arc  entirely  absent,  and,  as  pointed  out  by  Bentliam.  Carrn- 
thers.  and  Wilson  Saunders,  onlcrs  of  plant.*!,  totalh*  diverse  in  cha- 
racter and  <lislribution,  liavo  often  identically  shaped  foiiagr,  and  it 
is  upon  fossil  leaves  most  generally  at  least  in  the  Neozoic  forma- 
tions that  the  botanist  has  to  base  his  detennination. 

And  hero  it  may  be  desirable  to  explain  how,  notwitlistanding 
this  appan-nt  insui)enible  difficulty.  Professor  Oswald  Ileor  and 
otlier  ln)tanists  have  succeeded  in  their  determination  of  Miocene 
and  other  phmt-rcmains  in  so  a  remarkable  a  degree.  If  we  study 
the  indigenous  Flora  of  any  district,  we  shall  find  that  it  is  madeup 

norno  FdSMls  from  thn  Mcnovicin  Group,  ibid.  vol.  ixiv.  p.  510 ;  ibid.  toI.  xxv.  p.  51. 
*'()n  tlio  Ancinit  Hocks  of  St.  Duvidi  Promontory,"  by  H.  Ilicks  and  Prof.  Dark- 
ncKH,  urid  '•  Discriptioiis  of  New  Species,"  by  II.  Ilicks,  iinJ.  1;^"!,  vol.  xxvii.  p 
381.  *'()n  Nome  L'lideMcribed  Afencviiin  Fo>siIs."  by  H.  Ilicks,  ibid.  vol.  xxrJL 
p.  17.1.  "'I'lie  Tremadoc  Ut-cks  of  St.  Davids."  by  II.  Ilicks,  ibid.  1873,  toI.  xxix. 
p.  '\\K  *'  On  the  ('l;is^iliciit.ion  of  the  Cftmbrian  and  Silurian  Itocks,"'  by  Henry 
ilicks,  Pmc.  (lv.n].  Association,  1873,  vol.  iii.  p.  99. 

*  "  IliNtory  of  tbo  Names  Cambrian  and  Silurian,"  Grol.  Mao.  1873,  Vol.  i 
pp.  385,  463,  504,  etc.;  see  aiso  the  *' Canadian  Naturalist,"  new  sciic^,  vol.  iv. 
p.  281,<3(c. 


Henry  Woodward — Address  to  the  Geologists^  Association.   543 

of  certain  families  of  plants,  which  not  only  thrive  tinder  similar 
oonditions  of  soil  and  climate,  but  seem,  in  some  remarkable  manner, 
to  depend  apon  one  another — ^justas  surely  as  amongst  the  Mammalia 
certain  camivora  and  herbivora  are  found  associated  in  the  same 
geographical  areas. 

It  is  by  practically  bringing  to  bear  on  fossil  botany  a  correct 
and  widely-extended  knowledge  of  the  mutual  relations  and  geo- 
graphical distribution  of  living  plants  over  tho  earth's  surface,  that 
Heer  and  others  have  been  guided  in  their  otherwise  almost  forlorn 
task,  and  have  revealed  to  ns,  in  the  most  striking  manner,  the 
Tegetation  of  our  earth  in  tho  later  geological  periods. 

It  is  now  many  years  since  Prof.  Morris  figured  and  described 
some  small  round  bodies  from  Coalbrook-dale  which  he  believed  to 
be  the  sporangia  of  a  Lepidodendron,  These  separate  bodies  were 
observed  in  great  abundance  in  the  coal-seams  of  Scotland,  and  were 
figured  by  Balfour  and  others.  Goldenberg  figured  the  same  bodies 
as  the  fruit  of  SigiUaria  attached  to  the  inner  surface  of  the  some- 
what dilated  leaves  of  that  plant.  Carruthers  discovered  the  small 
bodies  in  relation  to  the  leaves  of  a  lepidodendroid  cone,  to  which  he 
gave  the  name  of  Flemingites,  considering  them  still  to  be  sporangia, 
as  there  was  no  evidence  of  an  investing  spore-case.  This  view  was 
farther  adopted  by  Huxley,  when  he  lectured  on  the  "Better-bed 
Coal"  at  Bradford,  a  bed  almost  made  up  of  these  small  bodies.^ 
Since  then  Binncy  has  discovered  a  cone,  in  which  the  lower 
portion  is  occupied  with  the  round  bodies  inclosed  in  spore-cases, 
and  the  upper  portion  by  small  spores,  as  in  the  living  Selaginellas, 
Williamson  has  observed  tho  same  structure  in  a  cone  from  Burnt- 
island, and  Mr.  Carruthers  has  communicated  to  me  a  more  per- 
fect cone,  in  which  not  only  is  this  arrangement  exhibited,  but 
the  internal  structure  of  the  spores  establishes  that  these  cones 
agree  in  general  structure  with  the  perfect  cone  of  Triplosporites 
described  by  Brongniart,  and  with  tho  cones  of  Selaginella,  and  the 
reproductive  organs  of  Isocies, 

The  most  conclusive  evidence  yet  obtained  as  to  the  nature  of  the 
materials  forming  coal  has  been  communicated  to  me  by  my  colleague 
Mr.  Carruthers.  He  obtained  from  a  five-feet  bed  of  coal  at  South 
Ouram,  near  Halifax,  a  number  of  calcareous  concretions  ("ball- 
stones")  which  in  crystallizing  inclosed  the  materials  of  the  bed 
(which  are  all  around  converted  into  coal)  before  they  wore  yet  thus 
altered.  Thin  sections  were  prepared  for  microscopic  examination, 
and  they  exhibit  the  fruits,  leaves,  stems,  branches,  roots,  and 
rootlets  of  the  ordinary  plants  of  the  Carboniferous  period,  such  as 
Ferns,  SigiUaria,  Lepidodendron,  Calamites,  etc.,  in  precisely  the 
same  condition  as  tho  plant-structures  occur  in  beds  of  valley-peat 
forming  at  tho  present  day — ^the  difference  being  only  in  tho  kind 
of  plants  of  which  the  two  formations  are  composed.     The  coal 


1  Prof.  Huxley's  generalization  as  to  all  hitumintmt  coals  being  largely  made  up 
of  these  bodies  has  never  been  accept.'d  bj  geologists,  and  is  certainlj  opposed  to 
many  well-known  and  recognized  facts  regaraing  the  formation  of  coaL 
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then  was  not  only  a  sub-aerial  vegetable  accnnmlation  like  pelt, 
but  itnelf  formed  a  soil  on  which  the  vegetation  continaed  to  live.^ 

Beibro  quitting  the  subject  of  Palsophvtology,  I  would  desiie  to 
direct  your  attention,  in  the  briefest  ]:x>ssible  manner,  to  the  eloquent 
discourse  of  Prof.  Asa  Gray,^  delivered  a  year  since  to  the  AmericaiL 
Association  at  Dubuque,  Iowa,  on  the  relation  between  Fossil  Plants 
and  the  existing  Flora  of  our  Northern  Hemisphere. 

Prof.  Gray  describes  the  varied  aspect  of  the  great  Kortk 
American  continent  from  the  cast  to  the  west  coast,  and  dweUs 
es])ccially  upon  tlie  scenery  of  the  westward  8lo]>es  of  the  high 
mountain  barrier,  which,  refreshed  by  the  Pacific,  bears  the  nobis 
forests  of  the  Sierra  Nevada  and  the  coast-range,  and  among  them 
trees  which  arc  the  wonder  of  the  world. 

'^  Altlioiigh  (says  Dr.  Asa  Gray)  no  account  and  no  photographic 
represontatiou  of  citlicr  s|>ecics  of  the  far-famed  Sequoia  trees  gives 
any  adequate  impression  of  their  singular  majesty — still  less  of  their 
beauty — yet  my  interest  in  them  did  not  culminate  merely  nor 
mainly  in  considerations  of  their  size  and  age.  Other  trees  in  other 
parts  of  the  world  may  claim  to  be  older.  Certain  Australian  Gmn- 
trccs  {Eacali/pti)  arc  said  to  be  taller.  Some,  we  are  told,  rise  so 
higli  that  they  might  even  cast  a  flicker  of  shadow  upon  the  summit 
of  the  pyramid  of  Cheops.  Yet  tlie  oldest  of  them  doubtless  grew 
from  seed  which  was  §hed  long  after  the  names  of  the  pyramid- 
buiUlers  had  been  forgotten.  So  far  as  we  can  judge  from  the  actual 
counting  of  the  layers  of  several  trees,  no  Sequoia  now  alive  can 
sensihlv  uutcdato  the  Christian  era.  .  .  .  One  notable  thin«:  about 
these  Srtinoia  trees  is  their  isolation.  These  *  redwoods'  or  *big 
trees'  belong  to  tho  Cypress  family,  but  are  sui  ueneria.  Thus 
isulatiMl  systematically,  and  extremely  isolated  geographically,  and 
so  W(MnUilul  in  size  and  port,  they  more  than  other  trees  suggest 
qu(;stions. 

'*  Were  they  created  thus  local  and  lonely  denizens  of  Califoniia 
only  ;  <»no  in  limited  numbers  in  a  few  choice  spots  on  the  Sierra 
Ncva<la.  tho  other  alon;^  the  Coast-lianjxe  from  the  Bay  of  Monten^v 
to  thf  frontiers  (.)f  Oregon  ?  Arc  they  veritable  IMelchisedecs  witlioiit 
pedigree  or  early  relationship,  and  possibly  fated  to  bo  without 
deseent  ? 

"Are  they  now  coming  upon  tho  stage?  Or  are  they  remnants* 
sole  ami  scanty  survivors  of  a  race  that  has  played  a  gninder  part 
in  tlio  past,  ])ut  is  now  verging  to  extinction?  Have  they  had  a 
career,  and  can  we  iiscertain  or  surmise  whence  they  came,  and  how 
and  wlien?" 

Prof.  Asa  (hixy  tlien  proceeds  to  show  that  not  many  generations 
of  ScfjKoids  can  have  flourished  just  where  they  now  are  found,  as 
there  are  all  around  abundant  evidences  of  the  very  recent  glaciation 
of  the  whole  area. 

lie  then  endeavours  to  trace  the  former  distribution  of  Sequoia — as 

^  S<M«  "Pulics  of  (ho  CarlKMiifcrous  and  other  Old  Land -surfaces"  by  H.  Woodward, 
Proc.  (in)l  Association,  1.S72,  vol.  ii.  p.  231. 
-  Sillimau'b  Aiucricau  Journal,  October,  1872,  p.  282. 
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litested  bj  their  fossil  remains — in  the  Miocene  formations  of 
Northern  Europe.  Iceland,  Spitzbergen,  Greenland,  Mackenzie  River, 
and  Alaska.  The  fossil  species  has  been  named  Sequoia  Langadorfi 
bj  Heer,  but  it  is  very  much  like  8.  aempervirenSf  now  living  on  the 
Califomian  coast,  and  is  believed  to  be  the  ancient  representative 
of  it 

Three  species  at  least  of  this  giant  Coniferous  tree  flourished  in 
Tertiary  times  within  the  Arctic  zone ;  the  commonest  of  which  has 
also  been  found  in  Europe. 

So  the  Sequoias,  now  so  remarkable  for  their  restricted  station  and 
numbers,  as  well  as  for  their  extraordinary  size,  are  of  an  ancient 
stock  ;  their  ancestors  and  kindred  formed  a  large  part  of  the  forests 
which  flourished  throughout  the  polar  regions  now  desolate  and 
Loe-clad,  and  which  extended  into  low  latitudes  in  Europe. 

Afler  enumerating  a  number  of  other  cases  of  existing  plants 
which  have  been  found  associated  with  both  the  living  and  extinct 
Sequoia,  he  concludes  that  our  existing  vegetation  as  a  whole  is  a 
continuation  of  that  of  the  Tertiary  period,  and  that  this,  in  its  turn, 
has  been  derived  from  the  preceding  flora — Mr.  Carruthers  having 
met  with  two  Cretaceous  fossil  fruits  like  those  of  Sequoia  gigantea  of 
the&mous  groves,  associated  with  pines  of  tlie  same  character  as  those 
that  accompany  the  present  tree ;  whilst  two  or  more  Sequoias  have 
been  met  with  in  the  Cretaceous  beds  of  Greenland. 

According  to  these  views,  as  regards  plants  at  least,  the  adaptation 
to  successive  times  and  changed  conditions  has  been  maintained,  not 
by  absolute  renewals,  but  by  gradual  modifications. 

Prof.  Asa  Gray  has  no  doubt  that  the  present  existing  speciea  are 
the  lineal  successors  of  those  that  garnished  the  oartli  in  the  old  time 
before  them,  and  that  they  were  as  well  adapted  to  their  surroundings 
then  as  those  which  flourish  and  bloom  around  us  are  to  their  con- 
ditions now.  Order  and  exquisite  adaptation  did  not  wait  for  man's 
oomiug,  nor  were  they  ever  stereotyped. 

(6.)  Palxozoology. — A  review  of  the  progress  of  Palaeozoology 
would  be  most  incomplete  and  unsatisfactory  were  no  allusion  made 
to  the  Palflsontographical  Society,  which  was  established  in  the  year 
1847,  for  the  purj>oso  of  figuring  and  describing  the  whole  of  the 
British  Fossils,  liight  nobly  has  the  task  been  carried  on  since  that 
date,  and  twenty-six  largo  annual  volumes  attest  in  the  most  sub- 
stantial manner  the  stability  of  the  work. 

Much  of  the  success  of  the  Paleeontographical  Socioty  during  these 
later  years  has  resulted  from  the  unwearied  attention  and  energy 
bestowed  upon  its  management  by  the  present  Honorary  Secretary, 
the  Rev.  Thomas  Wiltshire,  M.A.,  F.G.S.,  whoso  zeal  in  promoting 
the  regular  publication  of  its  volumes  has  produced  the  most 
beneficial  results  to  the  Society. 

Already  3933  British  species  have  been  described,  in  7224  quarto 
pages  of  letterpress,  accompanied  by  1103  plates,  containing  20,237 
figures. 

Prominent  among  the  workers  in  this  unpaid  labour  of  scientific 
love  will  always  stand  the  names  of  Bowerbank,  ita  on^vi^  Y^v^ 

VOL,  X. — KO.  exiY,  ^ 
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xnoter,  and  Searles  Wood,  Owen,  Bell,  and  Frederick  Edwards,  its 
earliest  promoters  and  contributors.  Following  these  in  chronological 
order  come  liupert  Jones,  King,  Milne-Edwards,  and  Jules  Haime, 
Morris  and  Lycett,  Davidson.  Darwin,  Forhes,  Daniel  Sharpe,  Dr. 
Wright,  Busk,  Salter,  Phillips..  Boyd-Dawkins  and  Sandford,  Parker 
and  Brady,  E.  W.  Binney,  Woodward,  Lankester.  Of  this  long  li«t 
of  palaeontologists,  three  names  stand  out  in  connexion  with  this 
Society  pre-eminent  for  hard  untiring  energy  extending  over  more 
than  a  quarter  of  a  century — men  who  are,  happily  for  us,  ilifl 
numbered  among  our  scientific  workers.  They  are  Thomas  DaTidwn, 
Searles  V.  Wood  (the  ven^erahle  Treasurer  of  the  Society),  and  Prot 
Owen. 

The  first  of  these,  David8on,has  contrihuted  1 368  pages  of  letter- 
press, and  has  drawn  6530  figures  of  Brachiopoda  vjiih  his  own  handi, 

Searles  Wood  has  monographed  the  Mollusca  of  the  Crag  and  the 
Bivalves  of  the  Eocene — making  872  pages  of  letterpress.  Owen 
has  given  796  pages  of  text  with  appropriate  plates  on  the  Beptilii 
and  Mammalia.     Of  these  it  may  he  said  truly — 

"  Si  monumentum  requiris — circumspiee.** 

In  connexion  with  my  researches  in  fossil  LimHli,  I  would  hrieflj 
allude  to  two  valuable  contributions  to  the  anatomy  of  the  "  King- 
Crab,"  of  the  North-east  coast  of  North  America— one  by  my  dis- 
tinguished colleague  and  chief,  Prof.  Owen,  published  in  the  Linnsean 
Transactions  for  this  year ;  *  the  other  by  Prof.  Alph.  Milne-Edwards 
in  the  Aniiales  dos  Sciences  Naturelles.* 

Limtihts  polyphcnius  of  North  America,  and  the  closely  allied 
species  coiiimoii  to  tlio  Moluccas  and  the  coasts  of  China  and  Japan, 
is  tlio  solo  existing  type  of  this  ancient  race,  whose  longevity  as  an 
Order  in  time  is  unsurpassed  among  the  Crustacea,  save  by  the 
Entoiuostracii  alone — Neolimulm  of  the  Upper  Silurian  of  Lanark 
closely  a^x^eeing  witli  one  of  the  larval  stiiges  of  the  living  Liinulus, 
as  made  known  by  the  researches  of  Packard^  and  Dohm.* 

As  1  sluill  fully  treat  of  this  subject  in  Part  V.  of  my  Monograph 
of  the  ^Ikkosto^iata,  now  ])reparing  for  publication,  1  refrain  from 
dwelling  upon  them  here  at  greater  length. 

Among  the  many  contributions  lately  made  to  our  knowledge  of 
extinct  forms  of  vertebrate  life,  those  by  Prof.  Owen  take  pre- 
cedence. bt)th  in  number  and  importiince. 

In  a  recent  communication  to  the  Royal  Society  (Phil.  Trans. 
1872,  p.  173),  Prof,  (^wen  describes  the  remains  of  seven  species  of 
Wombat  from  Darling  Downs,  Queensland,  preserved  in  a  lacustrine 
deposit,  associated  with  living  species  of  Melania  and  other  fresh- 
water shells.     These  do  not  so  greatly  exceed  in  size  the  existing 


*  Trans.  Lin.  Soc.  1873,  vol.  xxviii.  pt.  iii.  p.  459,  plates  xxxvi.  to  xxxix. 

*  Ann.  dt's  Sc.  Xat.  Zooloj^'ie  et  Paleontologie,  1872-3, 6th  series,  tome  xvii.  p.  25, 
plates  V.  to  xvi. 

3  "The   Developmont  of  LimulHs  poUjphtmm^'  bv  A.  S.  Packard,  jun.,  M.D, 
Mem.  Boston  Soc  Xat.  Hist..  1872,  vol.  li.  pp.  155-202,  pi.  iii. -v. 

*  **Zur  Kni])ryoloirio  nnil  Morpiiologie  dcs  Limulus  p^ilyphtnms^^  von  Dr.  Anton 
Dohru,  Jeuaische  Zeitsckntt,  l^-d,  M.  V\.  ¥L^l\.  \,^.  &^Q,  Taf.  xiv.  and  xv. 
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species;  but  in  a  second  paper  (Phil.  Trans.  1872,  p.  241)  the 
author  describes  the  remains  of  two  very  large  species  under  the 
names  Phascolomya  nuigntis  and  P.  gigaa : — 

"  Until  comparatively  lately,"  writes  Prof.  Owen,  "  the  Wombat 
was  known  to  zoologists  as  a  solitary  exceptional  form  of  small 
Tasmanian  Marsupial,  peculiar  in  its  8calx>riform  dentition,  combined 
with  burrowing  habits.  We  now  know  this  generic  form  under 
many  specific  structural  modifications,  and  with  gradations  of  bulk 
rising  from  that  of  a  Marmot  to  that  of  a  Tapir ! 

"  The  rodent  type  of  incisors,  both  as  to  number  and  kind,  are 
retained  in  all,  certainly  in  the  lower  jaw  of  the  gigantic  species ; 
but  it  would  not  be  safe  to  infer  that  these  extinct  forms  burrowed, 
like  the  smaller  living  Wombats. 

"If  we  knew  the  Hare  (Lepm  timidm)  only  by  fossil  remains,  we 
should  err  in  attributing  to  it  the  habits  and  mode  of  life  of  the 
smaller  species  (Lepus  cunicidus),  the  Rabbit.  It  is  probable  that  the 
larger  extinct  Wombats  did  not  conceal  themselves  underground." 

"  Of  the  series  of  Phascolomys,  the  larger  ones  have  all  perished. 
Here,  as  in  the  case  of  the  gigantic  wingless  birds  of  New  Zealand, 
size  and  bulk  seem  to  have  been  a  disadvantage  in  the  '  contest  for 
existence.'  The  small  burrowing  'Kivis'  {Apteryx  amtralia,  Shaw, 
and  Apteryx  Owenii,  Gould),  like  the  small  wombats,  have  survived. 

"  The  extirpating  cause  of  the  larger  wombats,  especially  if  they 
were  unable  to  take  refuge  and  conceal  themselves  underground,  was 
probably  the  hostility  of  man.  No  human  remains,  however,  or 
weapons,  have  yet  been  discovered  in  the  stalagmitic  breccias  of  the 
oaves,  or  in  the  freshwater  deposits  of  Australia.  But  as  the  unseen 
planet  may  be  inferred  by  evidence  of  its  force,  so  may  the  destroyer 
be  conjectured,  and  his  discovery  anticipated  by  the  effects  of  his 
power — such,  for  example,  as  the  disappearance  of  species  which, 
from  their  easier  detection,  capture,  or  bringing  to  bay,  and  greater 
profit  when  slain,  would  be  the  first  objects  of  chase  to  the  primitive 
Aborigines.'^     (Owen,  op.  cit.  p.  255.) 

In  1839  Prof.  Owen  drew  attention  to  a  "bone  of  an  unknown 
Struthious  Bird  of  large  size  presumed  to  be  extinct,"  stated  to  have 
been  obtained  from  New  Zealand. 

Since  that  date  various  naturalists,  collectors,  and  colonists  liave 
sent  home  remains  of  this  bird  in  such  profusion  that  17  species  (or 
probably  more  correctly  speaking  varieties)  have  been  described 
by  the  same  indefatigable  anatomist. 

To  this  interesting  series  Prof.  Owen  has  now  added  the  evidence 
of  the  existence  of  another  extinct  Struthious  bird»  not  from  Now 
Zealand,  but  from  the  great  Island-Continent  of  Australieu  Tlio 
femur  of  this  bird,  described  and  figured  (Trans.  Zool.  Soc.  1873, 
vol.  viii.  pt.  6)  by  Prof.  Owen,  agrees  in  size  with  that  of  Dinorma 
elephantopus  (although  from  comparison  of  the  details  of  its  parts 
he  determines  it  to  be  gonerically  distinct).  He  names  it  Dromornis 
ausiralis,  and  suggests  the  possibility  of  its  having  been  ancestrally 
contemporary  with  the  impressors  of  the  Ornithicnites  of  Connecticut. 

Some  time  since  (Trans.  Zool.  Soc.  1870,  vol.  vii.  ^»  V23\  tlv<\ 
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same  author  drew  attention  to  the  cranium  of  another  large  extinct 
Struthious  bird  from  the  London  Clay  of  Sheppey,  whioh  he  named 
Dasomis  Londinensis. 

The  distribution  of  these  great  Struthious  birds  has  a  deep  eiguifi- 
cance  for  the  thoughtful  palaeontologist,  who  cannot  fail  to  see  in  it » 
problem  worthy  of  his  study.  Africa  has  its  Ostrich;^  Madagascar 
had  its  JEpyomia;  Java  and  the  adjacent  islands  of  the  Indian 
Archipelago  the  Cassowary ;  Australia  its  Emu  and  extinct 
Dromornu;  New  Zealand  its  Dinamis;  South  America  its  Shea;  the 
London  Clay  its  Dasomis  Londiniensis.  Thus  then  we  have  this 
most  ancient  type  of  wingless  running  birds  presenting  not  merely 
the  greatest  range  in  time  but  also  the  widest  geographical  dia- 
tribution  over  the  globe  of  any  order  of  its  class. 

M.  Alphonso  Milne-Edwards  has,  for  twelve  years  past,  carried 
on  a  most  important  series  of  researches  on  Fossil  Birds.  The  new 
facts  which  he  has  recorded  have  to  some  extent  confirmed  the 
results  to  which  a  study  of  the  fossil  Mammalia  and  Beptilia  haa 
led,  and  they  have  enabled  us  to  appreciate  more  fully  the  physical 
conditions  of  the  globe  at  these  remote  epochs. 

Among  the  chief  recent  discoveries  must  be  included  the  veiy 
remarkable  fossil  Bird,  the  lehthyomts  dispar  (Marsh),  discovered 
by  Prof  0.  C.  Marsh,  in  1872,  in  the  Upper  Cretaceous  beds  of 
Kansas,  U.S.  It  possessed  well-developed  teeth  in  both  jaws,  which 
were  quite  numerous,  and  implanted  in  distinct  sockets.  The  teeth 
were  small,  compressed,  and  pointed,  and  all  similar  in  character. 
Those  in  the  lower  jaws  number  about  twenty  in  each  ramus,  and 
are  all  inoro  or  less  inclined  backward.  The  series  extends  over 
the  entire  upper  margin  of  the  dcntary  bone,  the  front  tooth  being 
very  near  the  extremity.  The  maxillary  teeth  appear  to  have  l>eeu 
o([ually  numerous  and  essentially  the  same  as  those  in  the  mandible. 
The  jaws  were,  apparently,  not  encased  in  a  homy  sheath.  The 
bones  of  the  wings  and  legs  all  conform  to  the  true  ornithic  type. 
The  vertebra)  were  all  biconcave,  the  concavities  at  each  end  of  the 
contra  being  distinct  and  nearly  alike.  The  tail  was  not  preserved. 
Tho  bird  was  about  the  size  of  a  pigeon.  The  bones  do  not  appear 
to  liave  been  pneumatic,  although  most  of  them  are  hollow.  The 
species  Prof.  Marsh  considers  was  carnivorous  and  probably  aquatic. 

A  second  form  discovered  has  been  named  Apatoruis  celer  (Marsh). 

Prof.  Marsh  thinks  it  probable  that  Archaopteryx  possessed  teeth 
and  biconcave  vertebras.  In  confirmation  of  the  former  suggestion, 
it  may  be  mentioned  that  part  of  a  small  detached  jaw  with  teeth 
may  bo  seen  upon  the  slab  containing  the  skeletcm,  and  possibly  may 
have  belonged  to  it,  although  i-eferred  by  Prof.  Owen  to  the  **pre- 
maxilhiry  bone  of  a  fish."* 

Prof.  Owen  has  added  to  his  researches  another  Eocene  bird  from 

^  The  ranj^e  of  the  African  Ostrich  was  formerly  much  greater.  It  extended  into 
Arahiu,  Tersia,  and  part  of  India,  within  the  human  period,  but  has  been  killed  off  by 
man. 

'  I'hil.  Trans.  1863,  p.  33.  Sec  also  article  by  H.  Woodward  in  IntdUctutil 
Oh.serri}\  Dec.  1862,  vol.  ii.  p.  ilS,  Mid  pUte  \  and  by  S.  J.  Wackic,  Gtologut^  1863, 
yoh  vi.  p.  1. 
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the  London  Clay  of  Shej^y/  to  which  his  attention  had  been  drawn 
by  Mr.  W.  Davies,  of  the  British  Museum,  who  also  worked  it  out 
with  his  own  hands. 

This  bird,  which  he  has  named  Odontopteryx  toUapieui,  is  rendered 
remarkable  by  the  very  prominent  denticulation  of  the  alveolar 
margins  of  the  jaws,  to  which  its  generic  appellation  refers. 

The  denticulations  are  intrinsic  parts  of  the  bone  bearing  them, 
and  are  of  two  sizes,  numerous  smaller  denticles  occupying  the 
spaces  between  the  larger  ones,  which  are  about  half  an  inch  apart. 
-    When  perfect  the  skull  was  probably  five  to  six  inches  in  length, 
but  the  anterior  extremity  is  wanting. 

Prof.  Owen  concludes  Odontopterifx  to  have  belonged  to  or  near 
the  Anatida,  and  that  it  was  web-footed  and  a  fish-eating  bird,  for 
which  its  serrated  jaws  would  admirably  adapt  it. 

As  we  have  not  the  other  parts  of  the  bird,  but  the  skull  alono, 
it  would  be  presumptuous  to  surmise  as  to  the  presence  or  absence 
of  other  modifications  beside  the  pseudo-teeth  with  which  the  jaws 
are  armed. 

Frota  the  extreme  rarity  of  all  terrestrial  animal-remains  preserved 
in  a  fossil  state,  it  may  justly  be  concluded  that  many  more  such 
archaic  birds,  having  reptilian  modifications,  actually  existed  in  the 
Mesozoic  epoch,  although  they  may  possibly  never  be  discovered  by 
geologists. 

Much  of  the  recently  acquired  knowledge  of  the  huge  Dtnosanrta 
of  our  own  Secondary  rocks  has  resulted  from  the  earnest  labours 
of  Professor  Phillips,  bestowed  upon  the  remarkable  series  of  remains 
in  the  Oxford  Museum. 

Mr.  J.  W.  Hulke,  F.R.S.,  has  likewise  devoted  much  time  and  care 
to  the  examination  of  Hypailophodon  a  genus  of  Dinosaurs  closely  Fil- 
iated toIffuanodoUf  the  detailed  anatomy  of  which  he  has  now  in  great 
measure  completed.  Under  the  name  of  Cetiosaurns  humerO'Criatatu^ 
he  has  also  described  a  gigantic  humerus  of  a  Dinosaur  from  tlio 
Kimmeridge  Clay,  Weymouth,  rivalling  in  size  the  largest  humerus 
in  the  Oxford  Museum.  This  specimen  is  about  to  be  secured  for 
the  British  Museum. 

We  know  certainly  now  that  the  MegalosauntSy  that  huge  car- 
nivorous lizard,  perhaps  30  feet  long,  which  ranged  from  the  Lia« 
to  the  Wealden,  had  strong  but  not  massive  hind-limbs,  and  short 
reduced  fore-limbs,  five  anchylosed  sacral  vertebras  (Owen),  the 
ilium,  ischium  and  pubis,  slender  and  bird-like,  as  in  the  Ostrich : 
the  scapula  and  coracoid  resembling  those  of  the  Apteryx.  From 
all  these  the  conclusion  of  Professor  Phillips  agrees  with  Pi*ofs. 
Owen  and  Huxley  in  viewing  the  MegaJosanruSy  "  not  as  a  grouiul- 
orawler,  like  the  alligator,  but  moving  with  free  steps,  chiefly  if  not 
solely,  on  hind-limbs,  and  claiming  a  curious  analogy,  if  not  some 
degree  of  affinity,  with  the  Ostrich."  * 

^  See  the  Quart.  Jonm.  Geol.  Soc.  1873,  vol.  xxix.  p.  611,  pi.  zri.  and  xvii.,  and 
abstract  in  Geol.  Mao.  for  August  last,  p.  376. 

s  *' Geology  of  Oxford  and  the  Valley  of  the  Thames,"  by  John  Phillips,  M.A., 
F.B.S.,  F.G.S.,  etc.,  1871,  p.  196. 
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What  we  have  cited  as  regards  the  oarnivorous  Negalosaurut  is 
true  also  of  the  vegetable-feeding  lizards  of  the  Mesozoic  rocki 
(tlie  Iguanodon,  Scelidotaurus,  eto.). 

The  sacrum  is  composed  bf  from  four  to  six  vertebree.  The  pelvic 
bones  are  bird-like  in  form  and  disposition ;  there  ii  a  strong  crest 
which  passes  between  the  head  of  the  fibula  and  the  tibia,  as  in 
birds.  The  tibia  has  a  great  anterior  or  '*  procnemial "  crest,  not 
seen  in  other  reptiles,  but  existing  in  most  birds,  especially  the 
running  and  swimming  birds.  The  toes  are  reduced  in  number; 
Scdidosanrtis  has  four  toes  and  a  rudiment  of  a  fifth.  Iguanodon  has 
three  J  with  a  rudimentary  indication  of  a  fourth. 

There  is  evidence  in  '*  the  manner  in  which  the  three  principal 
metatarsals  articulate  together,  that  they  were  very  intimately  and 
firmly  united,  and  that  a  sufficient  base  for  the  support  of  the  body 
was  thus  afforded  by  the  spreading  out  of  the  phalangeal  regions  of 
the  toes.*'  Mantoll  long  since,  and  more  recently  Cope  and  Leidy, 
have  concluded  from  the  great  difference  in  the  size  between  the 
fore-  and  hind-limbs,  that  Iguanodon^  LeelapBy  and  HadroBauruSi  as 
well  as  other  Dinosauria,  may  have  supported  themselves  for  a  time 
at  least  upon  their  hiud-legs.  But  Mr.  Bockles'  discovery  of  pain 
of  large  three-toed  foot-prints,  of  such  a  size  and  at  such  a  distance 
apart  that  it  is  difficult  to  believe  they  have  been  made  by  anything 
but  Iguanodotiy  leads  to  the  supposition  that  this  vast  reptile,  and 
perhaps  others  of  its  family,  must  have  walked  temporarily  or 
permanently  upon  its  hind-legs.  (Huxley,  in  Gkol.  Mao.  1868, 
p.  l^rA,) 

Many  years  since  ]\[r.  Allan  Cunningham,  who  accompanied  the 
Expedition  to  Survey  the  Intertropical  and  Western  Caasts  of  Aus- 
tralia, from  1818  to  1822,  under  Captain  PhUip  King,  R.N.,  r.R.S., 
secured  a  specimen  of  a  remarkable  Frilled  Lizard,  which  had  perched 
itself  upon  tlie  stem  of  a  small  decayed  tree,  at  Careening  Bay,  Port 
Nelson,^  which  has  been  named  Chlamydosaurus  Kingit ^hy  Dr.  Gray. 
The  specimen  is  preserved  in  the  British  Museum  collection  in  a 
somi-erect  position,  its  fore-feet  (which  are  very  much  smaller  than  the 
hind-feet)  scarcely  touching  the  ground  at  the  extremities  of  the 
claws.  The  lizard  in  question  liabitually  runs  upon  the  ground  on  its 
hind-legs,  its  fore-paws  not  touching  the  earth.  As  geologists,  we 
c.ninot  but  bo  interested  in  this  peculiarly  modified  existing  lacer- 
tilian,  occurring  as  it  does  on  tho  continent  of  Australia,  which 
has  already  yielded  such  a  remarkable  assemblage  of  Tertiary  and 
existing  IVtarsupialia — a  land  also  remarkable  for  the  possession  of 
many  living  Mesozoic  types  of  Mollusca  on  its  coasts. 

Viewed  l^y  the  additional  light  which  our  present  knowledge  of  the 
stnu'ture  of  tho  Mesozoic  Dinosauria  andof  the  existing  Cldamydosaurus 
allbrds.  wo  need  no  longer  be  doubtful  as  to  the  origin  of  the  many 
bipedal  tmcks  which  occur  in  the  Trias  and  other  Secondary  strata. 

Some  are  very  probably  the  **  spoor "  of  Struthious  birds  which 
may  have  existed  fully  as  far  back  as  the  beginning  of  the  Secondary 

^  See  King's  Survey  of  Australia,  8to.,  1827,  vol.  ii..  Appendix,  p.  424. 
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Period,  bat  most  are  no  doubt  due  to  the  bipedal  habit  of  our 
Secondary  reptiles — a  peculiarity  still  maintained  by  the  Australian 
Chiamydo$auru8. 

A  very  exhaustive  paper,  *'  On  the  Mammalia  of  Europe  at  the 
close  of  the  Miocene  Epoch/'  has  appeared  from  the  pen  of  Prof. 
Albert  Graudry,  which  is  well  descrying  the  consideration  of  palsson- 
tologists. 

M.  Ghiudry  is  led,  from  his  extensive  studies  of  the  fossil  Mam- 
malia, to  conclude  that,  as  the  majority  of  allied  species  occurring 
at  different  geological  ages  have  a  greater  number  of  points  of  re- 
semblance than  of  difference,  it  is  more  reasonable  to  derive  the 
later  from  the  pre-existing  species  than  to  destroy  the  earlier  in 
order  to  replace  them  by  the  later.  Species,  according  to  his  view, 
have  not  a  distinct  origin,  but  are  derivatives  of  the  same  type  which 
has  undergone  slight  modifications. 

It  is  gratifying  to  find  that  the  more  advanced  Naturalists  in 
France,  of  whom  M.  Gaudry  is  a  type,  are  advocates  of  the  Doctrine 
of  Descent  with  Modification.  It  is  not  so  long  since  our  distin- 
guished fellow-countryman,  Darwin,  was  strongly  opposed  when 
recommended  for  the  honour  of  admission  to  the  Institute  of  France 
on  account  of  his  holding  the  very  views  propounded  by  M.  Gaudry. 

It  cannot  be  doubted  that  the  majority  of  Botanists  and  Zoologists 
seem  alike  disposed  to  accept  the  Doctrine  of  Evolution  and  Descent 
with  Modification.  There  are  still  some  scientific  men,  however,  who 
find  the  derivative  origin  of  species  by  descent  repugnant  to  their 
ideas.  For  the  opinions  of  such  I  have  the  greatest  possible  respect, 
feeling  sure  that,  up  to  a  certain  point,  controversial  opposition  to 
new  theories  has  its  beneficial  aspect  in  ridding  us  of  worthless 
notions.  But  Darwin's  theory  has  already  passed  through  the  fire 
— like  crude  ore  it  has  been  washed,  sifted,  crushed,  roasted,  and 
smelted,  and  at  the  end  the  pure  metal  remains. 

The  only  question  is  one  of  terms  and  names.  Prof.  Owen,  who 
is  himself  a  most  advanced  Evolutionist,  if  we  may  be  permitted  to 
judge  of  his  views  by  his  published  works,  prefers  to  hold  the  convic- 
tion that  all  forms  and  grades  of  both  vertebrate  and  invertebrate  life 
are  due  to  **  Secondary  Cause  or  Law,"  not  to  "Natural  Selection." 

Upon  the  nature  of  these  very  delicate  and  baffling  distinctions  I 
feel  myself  quite  unable  to  enter  on  the  present  occasion. 

To  the  earnest  seeker  after  truth,  it  can  never  be  an  irreverent  or 
idle  object  to  investigate  the  process  by  which  life  has  been  gradually 
evolved  on  our  earth ;  when,  however,  we  have  learned  all  that  is  in 
our  power  to  discover,  there  is  still  the  great  problem  of  Life 
itself  unsolved,  and  we  stand  upon  the  threshold  of  the  Infinite. 

I  cannot  believe  that  such  inquiries,  if  honestly  and  earnestly 
pursued,  will  ever  lead  the  student  into  an  unhealthy  mental 
atmosphere ;  nor  can  it  narrow  or  debase  his  mind  to  be  brought 
more  intimately  into  contact  with  all  that  is  grand  and  beautiful  in 
the  natural  world  around  him. 

Professor  Asa  Gray,  whose  excellent  address  I  have  already  had 
occasion  to  quote,  truly  observes — "  Through  what  faults  or  infirmi- 
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ties  of  dogmatism  on  the  one  hand,  and  scepticism  on  the  other,  it 
came  to  be  so  thought,  we  need  not  here  consider.  Let  us  hope  and 
confidontly  expect  that  it  will  not  last;  that  the  religious  faitii 
which  8ur>'ivod  without  a  shock  the  notion  of  the  fixity  of  the  earth 
itself,  may  equally  outlast  the  notion  of  the  absolute  fixity  of  tbe 
species  which  inhabit  it ;  that  in  the  future,  even  more  than  in  the 
past,  faith  in  an  ordery  which  is  the  basis  of  Science,  will  not  (as  it 
cannot  reasonably)  be  dissevered,  from  faith  in  an  Ordainer,  which 
is  the  basis  of  Beligion." 

My  self-imposed  task  is  ended — how  imperfectly  it  has  been  ful- 
filled no  one  is  more  conscious  than  myself;  but  if  I  have  by  this 
means  succeeded  in  attracting  your  attention  to  a  few  of  the  vast 
number  of  lines  of  scientific  inquiry  stretching  into  the  universe 
around,  along  whic'h  the  intellectual  powers  of  man  are  striving  to 
advance,  and  upon  which  we  also  may  become  travellers,  I  shall 
not  have  spoken  altogether  in  vain. 


II. — On  a  New  Gents  op  Fossil  Fish  of  the  Obdeb  Dipnoi^ 

By  Rambat  H.  Traquaib,  M.D., 
Professor  of  Zoology  in  the  Royal  College  of  Science,  Dublin. 

(PLATE  XIV.)    - 

AGASSIZ,  after  describing  the  intermaxillary  bone  of  MegaUehthys, 
makes  the  following  iDrief  statement  regarding  the  fossil  which 
is  the  subject  of  the  present  paper :  "  M.  Konig  possedo  uue  piece 
detaobeo  qui  paniit  etre  le  memo  os."  - 

This  ''j)i(>ce  dotachee"  is  in  the  collection  of  the  British  ^Iiisoiiin, 
and  has  lately  been  completely  wrought  out  by  removal  of  the  re- 
mains of  tlio  matrix,  in  which  it  was  imbedded.  It  was  shown  to 
me  some  time  ago  by  my  friend  Mr.  Henry  Woodward,  who  expressed 
to  me,  at  tlio  time,  his  own  opinion  that  it  could  not  belong  to  Mega- 
lichfhys,  but  tliat  it  was  in  all  probability  a  new  genus.  In  this 
opinion  I  entirely  concurred,  as  it  was  at  the  first  glance  evident  that 
it  could  not  belong  to  the  Saurodipterine  group,  of  which  Mf^gnUch- 
thj/8  is  a  member,  although  certain  parts  did  exhibit  a  very  brilliant 
punctated  Ganoid  surface,  reminding  us  of  the  polished  plates  and 
scales  of  that  genus.  On  the  contrary,  fragmentary  as  the  fossil  un- 
fortunately is,  its  configuration  shows  that  it  must  1)0  closely  allied 
to  DIpteruSy  and  must  therefore  be  included  in  the  order  Dipnoi ;  tlie 
close  relationship  between  Dipterm  and  the  living  Ceratodus  and 
Lepidosiren  having  been  already  clearly  shown  by  Dr.  Giinther.^ 

The  specimen  before  us  is,  as  aforesaid,  only  a  fragment,  measuring 
1^  inches  in  length  by  3  in  breadth,  and  is  evidently  the  extremity 
of  the  snout  of  a  very  large  fish,  probably  4  or  5  feet  long.  It  is  of 
a  somewhat  semilunar  form;  showing  a  rough  posterior  margin  where 
it  has  been  broken  off  from  the  rest  of  the  head ;  a  superior  arched 
ganoid  surface,  which  has  formed  part  of  the  upper  aspect  of  the 

*  Read  before  the  Royal  Geological  Society  of  Ireland,  14th  May,  1873. 
»  Poitions  Fossilea,  vol.  ii.  part  2,  p.  91.  ^  Phil.  Trans.  1871. 
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snout ;  an  anterior  margin  forming  the  front  edge  of  the  upper  lip ; 
and  an  inferior  excavated  surface,  which  formed  part  of  the  roof  of 
the  mouth  and  nasal  chambers.  Placing  the  snout  in  its  natural 
position,  with  the  labial  margin  horizontal  (PI.  XIV.  Fig.  3),  the 
superior  surface  is  seen  to  slope  downwards  and  forwards  in  the 
middle  line  at  an  angle  of  45°,  while  towards  th^  sides  it  is 
rounded  ofif  in  an  arched  manner.  This  surface  shows  no  trace 
either  of  sutures  or  of  external  nasal  openings ;  it  is  smooth  and 
ganoid,  glossy  and  finely  reticulate-punctate ;  near  the  labial  margin, 
however,  the  minute  punctures  disappear,  and  are  replaced  by  another 
set,  which  are  larger,  fewer,  and  further  apart.  Many  of  these  larger 
punctures  are  also  seen  on  the  finely-reticulate  surface  above. 

On  turning  up  the  fossil,  and  looking  at  it  from  below  (Fig.  2),  we 
see  first  a  flattened  margin,  situated  in  front  and  laterally,  which 
must  have  formed  part  of  the  upper  lip,  and  which  passes  by  a 
rounded  edge  over  to  the  upper  surface  just  described.  This  labial 
margin  is  brilliantly  polished,  and  ornamented  with  the  large 
scattered  punctures  already  alluded  to,  and  which  average  about  ^i^ 
inch  in  diameter.  It  shows  also  on  each  side  and  internally  a  pretty 
deep  rounded  notch,  clearly  indicating  the  position  of  an  anterior 
nasal  opening,  which  must  thus  have  penetrated  the  upper  lip  as  in 
the  living  Dipnoi,  This  arrangement  also  agrees  perfectly  with 
what  is  seen  on  the  under  aspect  of  the  snout  of  Diplerm.  The 
portion  of  the  labial  margin  situated  between  the  right  and  left  nasal 
notches  shows  a  faint  median  indentation,  dividing  it  into  two  parts, 
and  each  of  those  parts,  right  and  left,  is  set  on  its  rounded  posterior 
edge  with  a  row  of  six  small  blunted  tooth-like  projections.  Similar 
blunted  tooth-like  bodies  are  also  seen  on  the  inner  aspect  of  the 
projecting  portion  of  the  labial  margin  behind  each  nasal  notch. 

Posteriorly  and  internal  to  this  strange  ganoid  labial  margin,  the 
specimen  is  deeply  excavated,  and  the  surface  here  seen  has  evidently 
fonned  part  of  the  roof  of  the  nasal  chambers  on  each  side,  and  of 
the  front  of  the  roof  of  the  mouth.  The  bone  is  here  rough;  no 
sutures  can  be  distinguished ;  but  the  median  longitudinal  projecting 
portion  evidently  represents  the  front  of  the  vomer,  anterior  to  the 
attachment  of  the  palato-pterygoid  plates.  No  trace  is  seen  of 
vomerine  teeth,  as  in  Cerdtodm  and  LepidosireUf  nor  of  their  places 
of  attachment  as  noticed  by  Giinther  in  Dipterus ;  if  present  in  this 
fish,  they  must  also  have  been  posterior  to  the  portion  preserved. 

The  hinder  margin,  all  the  way  across  between  the  two  posterior 
angles  of  the  specimen,  shows  nothing  but  the  rough  fractured  sur- 
face where  it  has  been  broken  ofiF  from  the  rest  of  the  head.  How- 
ever, we  may  see  here  that  the  bone,  forming  the  surfaces  just 
described,  exists  as  a  rather  thin  shell  over  an  internal  space  once 
occupied  beyond  doubt  by  cartilage,  now  completely  filled  up  by 
the  stony  matrix,  a  dull  grey  argillaceous  limestone.  But  the  part 
between  the  posterior  angle  of  the  specimen,  on  each  side,  and  the 
boss-like  dentigerous  projection  behind  each  nasal  notch,  shows  a 
distinct  articular  surface  looking  backwards,  and  which  may  have 
been  for  a  maxillary  bone,  or  for  a  superficial  facial  bone  if  the 


emillwr  wan  iraotiiig,  u  u  flw  tmm  in  Ow  notnt  B^vi,  mi 
■ppsrentlf  alao  in  Hie  foiail  DipUm. 

A  thin  Teitioal  dioe,  tekan  ftom  the  bone  on  ths  upper  Rnftn 
nau  tbo  pottniw  external  angle,  displ^TS  mioroaoopio  dkuactn 
WwHally  liinilar  to  thoM  fbud  in  um  nalea  nod  plates  of  mu; 
ganoid  fiahea,  indading  alao  the  soalea  of  MegaUchu^M.  The  bcM 
ii  here  vety  Hun,  nieaaaiing  oolj  about  ^  inoh  in  vertical  wctiaB. 
Its  mioroaoopio  atmotnie  ii  repieaonted  in  the  aooompanyiiig  wood- 
cut. Immediatelj  below  the  aorEMw  ia  an  abaolatelj  stmotniela 
kyer  of  tnuupaient  ganoine  aboat  nVr  iiioh  think.    Throng  tka 


•  hmttt  patm*. 
mot  llMi  iiiilkm    (umiliig  liln  lh« i 

the  pnnotnres  of  the  surface  pasa  into  a  set  of  short  vertical  oanaU 
each  widening  downwards  so  as  to  assume  a  rather  conical  fignn. 
At  tbcir  bases  they  are  connected  by  horizontal  tubes,  and  thii 
system  also  communicates  below  with  a  dose  irregular  network  of 
ordinary  BaveiBian  canals,  which  ramify  through  the  lower  part  ot 
the  section,  and,  becoming  coarser  below,  cause  the  bone  on  its  inferior 
aspect  to  assume  almost  a  spongy  appearance.  The  intervals  between 
the  set  of  short  wide  vortical  canals,  cup-shaped  in  the  section,  an 
seen  to  be  each  traversed  by  a  vertical  tube,  which,  coming  up  from 
the  Haversian  network  below,  aoon  divide  in  an  arborescent  manner 
into  a  great  number  of  minute  ramifying  branches,  which  pass  to- 
wards  but  not  into  the  superficial  layer  of  structureless  ganoioe. 
Adjacent  trees  of  this  kind  also  freely  oommunicate  with  ea5i  other 
by  means  of  arched  branohea,  passing  aronnd  and  between  the  vertical 
canals  between  which  their  stems  are  situated.  Abeautifol  koNnine- 
like  layer  is  thus  formed  below  the  ganoine ;  it  must  be  noted,  how- 
ever, that  small  lacuna  are  occasionally  seen  among  its  minute 
tubules.  In  the  true  bone  below,  lacunx '  of  the  ordinary  type 
abound  in  the  meshes  of  its  Haversian  network. 

Unfortunately  nothing  is  known  regarding  the  geological  formation, 
or  the  locality,  of  the  fossil  just  described.  To  Mr.  Davies,  of  the 
British  Mnseam,  I  am  indebted  for  the  information,  that  it  "  formed 
part  of  the  old  collection  of  the  British  Uuseum,  of  which  there  ara 
no  records,  hence  its  histoiy  as  to  from  whom,  and  whence  it  came 
is  wanting."  Judging,  however,  from  its  general  aspect,  one  mi^ 
nadily  be  tempted  to  iniai  \haV  Vt.  -waa  oC  Palnoiaiia  age. 
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From  the  preoeding  description  it  is  evident  that  the  fish,  to  which 
this  fltrange  and  heautifnl  snont  helonged,  must  take  its  place,  not 
among  the  Ganoids  proper,  hut  among  the  Dipnoi.  Of  fossil  fishes 
hitherto  reckoned  with  certainty  to  the  last-named  order,  we  have 
only  Cheirodui,  Dipterua,  Ctenodua,  and  Ceratodus;  the  position  of 
Phanerapleurou  and  Tri8tich(^teru8  heing  still  douhtful.  Our  fossil 
is  certainly  neither  Dipterus  nor  Ceratodus;  Cheirodus  is  known  only 
by  its  teeth ;  and  as  to  Ctenodw,  the  front  of  the  head  has  not  yet 
been  discovered,  so  that  all  evidence  is  wanting  to  connect  it  with 
that  genns.  It  seems  therefore,  in  these  circumstances,  best  to  frame 
a  new  genus  for  its  reception ;  I  propose,  therefore,  to  bestow  upon 
it  the  generic  term  Ganorhynchus  (ydvo^,  p^^vyosi),  coupled  with  the 
specific  name  of  Woodwardi,  in  honour  of  the  distinguished 
palsBontologist  who  first  directed  my  attention  to  the  fossil. 

EXPLANATION  OF  PLATE  XIV. 

Fio.  1. — Upper  surface  of  the  broken- off  snout  of  Oanarhynehua  Woodwardi. 

Fio.  2. — ^Lower  aspect  of  the  same  fossil,  showing  the  ganoid  and  pitted  labial 
margin,  the  anterior  nasal  notches,  portion  of  the  roof  of  the  nasal 
chambers,  and  the  broken-off  vomer  in  the  centre. 

Fio.  3. — ^The  same  fossil  seen  from  the  left  side.    At  the  posterior  inferior  an^lc  is 
seen  the  articolar  surface  referred  to  at  page  553.  Both  of  these  surfaces, 
right  and  left,  are  seen  in  Fi^.  2,  at  the  posterior  external  angles. 
'    Fio.  4. — A  magnified  view  of  the  smootn  ganoid  surface  of  the  upper  lip,  showing 
the  large  scattered  punctures  or  pits  with  which  it  is  ornamented. 

Fio.  5.— a  microscopic  section  of  the  ganoid  bone  on  the  upper  surface  of  the  snout 
This  drawing,  executed  in  the  absence  of  the  author  from  Great  Britain, 
does  not  convey  a  very  accurate  or  intelligible  idea  of  the  microscopic 
structure ;  the  woodcut,  page  554,  has  therefore  been  substituted. 

m. — ^NOTSS   ON   THE   BRITISH   GrAPTOLITES   AND   THEIR   AlLISS. 

By  Chas.  Lapwokth,  F.G.S. 

1. — On   an  improved   Classification    of   the    Ehabdophora.* 

PART  II. 

THE  acoompanying  analytical  Table  of  the  genera  of  the 
Ehahdophora  which  are  especially  treated  of  in  the  present 
paper  is  here  ofifered  as  a  first  and  suggestive  sketch  for  an  im- 
proved arrangement  of  these  forms.  The  foregoing  conclusions  have 
been  employed  in  its  construction,  and  are  embodied  in  the  general 
scheme.     See  Table  I. 

Of  the  several  families  under  Mr.  Hopkinson's  well-known  plan 
of  arrangement,  the  first  {Monoprionida)  comprises  the  whole  of 
the  species  distributed  among  the  first  three  families  in  the  Table. 
The  Tetraprionida  and  MonO'di-prionida,  as  finally  interpreted 
by  himself,'  are  identical  with  two  of  the  new  families.  Tlius 
the  alteration  in  this  section  is  more  apparent  than  real.  It  is  a 
great  proof  of  the  value  of  Mr.  Hopkinson's  original  classification 
that  subsequent  research  has  necessitated  such  a  slight  change  in 
this  department  In  his  scheme,  however,  the  families  were  each 
founded  upon  a  single  structural  peculiarity.  The  corresponding 
nomenclature  was  so  precise  and  inflexible  that  it  admitted  of  no 
modification  or  intercalation.     In  the  proposed  arrangement,  on  the 

1  For  Fart  I.  See  Giol.  Mao.  Vol.  X  pp.  600-504.    >  Geol.  Mao.  Vol.  X.  p.  231. 
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oontrary,  the  families  are  constitnted  by  assemblages  of  q)eciei, 
linked  together  by  a  large  community  of  morphological  cbaiacten, 
and  grouped  around  typical  genera.  The  most  cbaracteristic  genus 
in  all  cases  furnishes  the  name  for  the  family.  The  new  scheme 
therefore  admits  of  modification  in  matters  of  detail,  or  of  the 
intercalation  of  new  families,  which  the  exigencies  of  science  will 
certainly  demand,  in  proportion  as  future  research  throws  light  upon 
doubtful  points  of  structure,  or  furnishes  us  with  certain  evidence  of 
the  methods  of  multiplication  and  reproduction,  among  these  andent 
creatures. 

The  arrangement  of  the  monoprionidian  forms  in  the  present 
scheme  is,  upon  the  whole,  the  natural  one,  and  this  view  of  their 
relationships  is  strikingly  confirmed  by  the  known  geological  distri- 
bution of  the  genera  constituting  the  several  "  families."  The  latter 
are  well  circumscribed,  and  the  slightest  fragment  of  the  branch  of 
a  monoprionidian  species  'can  bo  referred  at  a  glance  to  its  proper 
family.  It  was  with  great  pleasure  that  I  learnt  from  Mr.  Hopkin- 
son  at  the  beginning  of  the  present  year,  that  he  had  independently 
arrived  at  a  similar  classification  of  these  uniserial  forms.  To 
this  eminently  acute  observer  must  also  be  assigned  the  credit  of 
being  the  first  in  acknowledging  the  propriety  and  value  of  Professor 
Hairs  separation  of  Didymograptus  and  Dicellograptus,  and  in  carrying 
it  out  to  its  proper  limits.  His  views  upon  these  points  are  adopted 
in  the  Table.  Ho  was  also  the  first  to  call  attention  to  the  fact  that 
Leptograptm  flaccidus  (Hall  sp.)  could  rightly  be  referred  to  neither 
of  the  foregoing  genera,  but  more  probably  belonged  to  the  genus 
Ncmagraptns  of  Emmons.^  The  importance  of  his  clear  recognition 
of  this  circumstance,  which  may  be  said  virtually  to  contiiiu  ^vithin 
itself  the  clue  to  the  diiferentiation  of  the  well-marked  group  of  the 
Nemagraptidcc,  I  have  in  some  degree  endeavoured  to  acknowledge, 
by  relinquishing  my  j)roposed  title  for  this  family,  in  favour  of  the 
MS.  name  applied  to  it  by  Mr.  Hopkinson. 

The  classification  of  the  Graptolites  with  two  ranges  of  theae 
(Ih'jilograptidce),  although  in  ray  opinion  the  best  possible  in  the 
actual  state  of  our  knowledge,  is  to  bo  i^ganled  as  ci^nfessedly 
temporary  and  provisional.  Not  only  are  the  limits  of  the  major 
divisions  badly  defined  at  present,  but  the  minor  grouping  we  are 
compelled  to  adopt  is  essentially  artificial.  Indeed  it  may  be  con- 
sidered certain  that  future  research  will  demonstrate  the  necessity 
for  a  very  different  distribution  of  many  of  these  forms. 

All  that  is  attempted  in  this  department  is  roughly  to  prepare  the 
way  for  the  next  and  future  advance  in  the  proper  classification  of  the«e 
species.  This  will  probably  consist  in  the  suppression  of  the  family 
PhyllograptidcB,  whose  single  genus  may  have  to  be  included  among 
the  IHplograptid-oB,  From  the  latter  it  may  ultimately  be  necessary 
to  eliminate  the  genus  Climacograptus,  and  to  place  it,  together  with 
ZasiograptuSf  near  the  family  of  the  Dicranograpiidct.  There  is  also 
evidence  in  support  of  the  view  that  the  more  typical  species  of 

1  Geol.  Miio.,  Vol,  VIII.,  p.  64. 
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OHkographLs,  whioh  have  as  yet  offered  no  trace  of  a  true  sicula, 
belong  in  reality  to  the  Glossograptidce. 

The  genus  Diplograpius  is  here  divided  into  several  sub-genera. 
This  will  be  found  of  service  in  enabling  us  to  group  together, 
fbr  oonyenienoe  of  reference,  species  having  a  certain  amount  of 
similarity  in  their  external  features.  It  will  also  have  the  further 
adir«ntage  of  necessitating  such  close  attention  to  those  minor,  and 
hitherto  n^lected  points  in  outward  form  dependent  upon  internal 
stnicture,  as  may  result  in  the  detection  of  the  true  relationships  of 
the  very  different  fossils  which  are  at  present  associated  in  this 
badly  understood  genus ;  and  ultimately  furnish  us  with  the  means 
of  accurately  defining  the  exact  line  of  separation  between  the  two 
great  sections  of  the  Bhabdophora. 

The  distinguishing  characteristics  of  these  sub-genera  will,  it  is 
hoped,  be  sufficiently  apparent  from  the, analysis  in  the  Table,  and 
from  the  references  to  the  typical  species. 

R^arding  the  controverted  question  of  the  relationships  which 
exist  between  the  IHplograptidcB  and  the  genus  BetioliteB  and  its 
allies,  it  must  be  admitted  that,  trenchant  as  are  the  apparent  dis- 
tinctions in  mode  of  development  and  general  plan  of  structure 
which  characterize  these  two  sections,  yet  every  new  investigation 
lesolts  in  the  detection  of  fresh  and  striking  correspondences  in 
detail  of  form  or  structure.  A  full  consideration  of  these  numerous 
points  of  contact  may  here  be  dispensed  with.  -  It  will  be  sufficient 
for  the  present  merely  to  call  attention  to  the  following  facts. 

While  in  some  Retioloid  species  the  virgula  is  either  entirely 
wanting,  or  is  represented  by  a  slender  thread  forming  a  portion  of 
the  external  network,  in  others  it  appears  to  be  a  stout  double  rod, 
comparable  in  £dl  respects  with  the  virgula  of  the  duplicate  Grapto- 
lites. 

Some  siculate  Graptolites  have  the  outer  angles  of  their  theca9  in 
part  strengthened  by  a  chitinous  thread,  a  structural  feature  especially 
characteristic  of  the  Betioliiidde, 

In  some  forms  of  the  DiplograptidcB  the  polypary  on  its  obverse 
aspect  presents  us  with  a  well-defined  suture,  while  on  its  reverse 
aspect  the  periderm  offers  no  trace  whatever  of  a  central  groove,  but 
is  entire  and  unbroken ;  leading  us  to  conclude,  that  in  these  abnor- 
mal specimens  the  common  canal  was  only  partially  divided :  thus  in 
effect  communicating  with  both  rows  of  thccj©  as  in  RetiolUes, 

On  the  other  hand,  in  some  true  Ketioloid  species,  the  two  lateral 
halves  of  the  polypary  fall  asunder  after  death,  remaining  attached 
by  their  proximal  ends  only  :  thus  presenting  us  with  a  form  which, 
excepting  in  its  reticulate  structure,  irresistibly  reminds  us  of 
Dicranograptus,  a  genus  notably  illustrative  of  the  duplicate  nature 
of  the  polypary  in  the  Diplograptidcc, 

For  these  and  many  other  reasons,  some  of  which  will  become 
apparent  on  a  study  of  the  Table,  it  is  evident  that  the  great  groups 
of  the  siculate  and  non-siculate  Ithabdophora  afford  so  many  minor 
structural  correspondences  that  no  scheme  of  classification  having 
any  pretence  of  representing,   even  approximately,   the  order  of 
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nature,  but  most  place  them  in  immediate  proximity  in  the  general 
arrangement.  On  the  other  hand,  the  two  groups  differ  so  grestlj 
as  a  whole,  in  the  early  stages  of  their  development,  and  in 
the  general  ultimate  structure  of  the  adtilt  polypary,  that  we  are 
certainly  justified  in  considering  them  as  forming  two  separate 
sections  of  the  Bhabdophora.  To  the  first  of  these  sections  the  term 
Gbaptolftid-e  *  should  be  restricted.  For  the  second  section  I  pro- 
pose the  title  of  Betioloidejl. 

It  is  impossible  on  the  present  occasion  even  to  glance  at  the  re- 
maining differences  in  matters  of  detail  between  the  present  and 
former  schemes  of  classification.  One  only  will  finally  be  noticed 
The  genus  Glossograpius  as  here  received  includes  all  those  peculiar 
forms  furnished  with  the  lateral  appendages  referred  by  Hall,  Hop- 
kinson,  and  Allman  to  the  reproductive  system  of  the  Graptolitee. 
While  their  apparently  numerous  points  of  affinity  with  the  true 
Graptolites  (Graptoloidea)  cannot  for  a  moment  be  denied,  yet  their 
internal  structure  furnishes  incontrovertible  evidence  that  they  are 
most  intimately  related  to  the  Betioloidea, 

Future  alterations  in  the  arrangement  of  the  Ehdbdophora  will  in 
all  likelihood  be  mainly  dependent  upon  elements  of  classification 
derived  from  our  improved  knowledge  of  their  various  methods  of 
multiplication  and  reproduction.  Whatever  evidence  is  at  present 
afforded  by  our  very  limited  acquaintance  with  these  subjects  has 
been,  from  its  very  Vague  and  uncertain  character,  virtually  ignored 
in  the  T;ible.  The  indications  it  gives  of  defects  in  the  present 
scheme  bear  wholly  upon  the  families  Diplograpiidre  and  Ghsso- 
graptidre.  !Many  of  the  species  here  associated  with  those  of  the 
former  will  ])robabl3'  have  to  be  eliminated  and  located  elsewhere, 
while  the  latter  will  have  to  be  divided  among  sevei-al  distinct 
families. 

Tlierc  are  two  genera  of  Silurian  fossils  unnoticed  in  the  Table, 
which  may  eventually  have  to  be  included  in  the  RhabdopJtora.  The 
genus  Cori/uoldes  ou*i;lit  perhaps  to  be  considered  raoq^holopcally  as 
a  Graptolite,  in  which  development  never  proceeds  beyond  the  siciila 
stage.  The  polypary  in  Thamuograptus  (Hall)  appears  to  be  furnished 
with  a  dorsiil  filament  or  solid  axis,  which  enters  into  all  the  ramifi- 
cations of  the  branches. 

APPENDIX. 

Description  of  new  genera  and  species. 

Sub.  order:  Riiabdopiiora  (Allman). 

Sect.    I. — GRAPTOLITIDiE. 

Fam. :  Nemagraptid.e  (Hopkinson). 
LEPTOCRArxus  (gen.  nov.).      (Gr.  XeTrro?,  slender.) 
Polypary  consisting  of  two  simple,  slender,  flexuous,  monoprioni- 
dian   branches,   proceeding  in   opposite    directions  from  the  major 
extremity  of  a  well-marked  persistent   sicula,  which  is  sometimes 

*  There  are  so  many  natural  and  obvious  reasons  at  present  for  rej^rding;  this  term 
ns  sjnojiyrnous  with  Allmau's  term  RhabUuphora^  that  it  might  prove  of  service  to 
employ  the  term  Graptoloid*a  (oi  i\i\s«»^cUoi\,Q&\v.^^o\A^\A^vy(ix<ix\\V^^^ 
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developed  into  a  third  and  central  branch.  ThecaD  of  the  form  of 
those  of  Pleurograptfu,    Badicie  and  lateral  spines  usually  invisible. 

Example — Leptograpius  flaccidus,  Hall  sp. 

Akphiosaptus  (gen.  nov.).     (Gr.  a^l,  on  both  sides.) 

Polypary  consisting  of  two  principal,  compound,  slender,  mono- 
prionidian  branches,  proceeding  in  opposite  directions  from  the 
major  extremity  of  a  small,  inconspicuous  sicula.  Secondary 
branches  normadly  simple;  given  off  from  both  margins  of  the 
principal  branches,  in  the  neighbourhood  of  the  initial  point,  usually 
in  pairs.  ThecsB  of  the  form  of  those  of  Pleurograpius.  Badicie  and 
lateral  spines  invisible. 

Example — Amphigr.  divergens,  Hall  sp. 

Section  11. — Betiolotdea. 
Fam. :  GLOSsooRApriDiE. 

Lasiooraptus,  gen.  nov.     (Gr.  Xcurto^— hairy,  shaggy.) 

Oen.  char. — Polypary  diprionidian,  simple ;  with  sub-parallel  mar- 
gins; section  somewhat  concavo-convex.  Virgula  slender,  central. 
Periderm  thickened.  Thecae  somewhat  resembling  those  of  Clima- 
€ograptu8 ;  separated  by  distinct  and  deep  ''  excavations,"  and  having 
their  proximal  walls  strengthened  by  a  pair  of  chitinous  filaments, 
which  oonverge  at  the  margin,  and  are  prolonged  outwardly  as  a 
simple  spinous  process,  lliis  process  gives  origin  to  a  series  of 
slender  filaments,  which  anastomose  with  those  derived  in  a  similar 
manner  from  the  processes  immediately  above  and  below,  and  form  a 
row  of  meshes  almost  surrounding  the  polypary.  Lateral  spurs 
rarely  present. 

Example — Lasio.  costatmf  sp.  nov. — Polypary  ^  to  f  of  an  inch 
in  length — margins  converging  towards  both  extremities ;  maximum 
width  ^  of  an  inch,  or,  inclusive  of  the  extraneous  meshes,  ^  of  an 
inch.  Virgula  slightly  prolonged  distally:  Thecoe  inclined  to 
the  axis  of  the  polypary  at  an  angle  of  about  45°:  outer  walls 
little  shorter  than  the  interspaces :  apertures  apparently  situated 
within  the  general  boundary  of  the  polypary. 

Horiz.:  Lower  Moffat  Shales  (Lower  Llandeilo),  S.  Scotland. 

Fam. :  Bettolitidjb. 

Clathbogbaptus  (Lat.  clathrum — a  lattice). 

Oen.  char. — Polypary  diprionidian ;  simple ;  elongate  elliptical  in 
form,  or  with  sub-parallel  margins :  section  square.  Periderm 
reduced  to  a  mere  film,  which  is  usually  invisible ;  supported  on  a 
skeleton  framework  of  chitinous  threads.  Virgula  an  extremely 
minute  longitudinal  filament,  fonning  a  portion  of  the  supporting 
framework.  Thecie  inclined,  of  the  general  form  of  flattened  rect- 
angular prisms. 

Example — Clathrograpttis  cunetformiB,  sp.  nov.  Polypary  cunei- 
form ;  from  i  to  J  of  an  inch  in  length ;  attaining  maximum  width  of 
^  of  an  inch  at  its  distal  end :  proximal  extremity  pointed,  destitute 
of  omamentiil  processes.  Virgula  excessively  slender.  Thecae  22  to 
24  to  the  inch,  making  an  angle  of  about  30^  with  the  line  of  the 
virgula  furnished  with  short,  stiff,  apertural  spines. 
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^."-History  of  the  Names  Cambrian  and  Silurian  in  Geology. 

By  Prof.  T.  SiBaEY  Hunt,  LL.D.,  F.B.S. 
{Concluded  from  p.  6 1 0.) 

3.  Cambrian  and  Silurian  Bocks  in  North  America  {ahridgedy 

2N  accordance  with  our  plan,  we  now  proceed  to  sketch  the  history  of  the  Lower 
Palaeozoic  rocks  in  North  America.  While  European  geologists  were  carry- 
li^  oat  the  researches  which  have  been  described  in  the  first  and  second  parts  of 
this  paper,  American  investigators  were  not  idle.  The  geological  studies  of  Eaton 
led  the  way  to  a  systematic  survey  of  the  State  of  New  York,  the  results  of  which 
luiTe  been  the  basis  of  most  of  the  subsequent  geological  work  in  eastern  North 
America,  and  which  was  begun  by  legislative  enactment  in  1836.  The  State  was 
divided  into  four  districts,  the  work  of  examining  and  finally  reporting  upon  which 
was  committed  to  as  many  geologists.  The  first  or  south-eastern  district  was 
undertaken  by  Mather,  the  second  or  north-eastern  by  Emmons,  the  third  or 
central  by  Vanuxem,  and  the  fourth  or  western  by  James  Hall  ;  the  palaeontology 
of  the  whole  being  left  to  Conrad,  and  the  mineralogy  to  Beck.  After  various 
annual  reports,  the  final  results  of  the  survey  appeared  in  1842.  The  whole  series 
of  fos&iliterous  rocks  known,  from  the  basal  or  Potsdam  sandstone  to  the  Coal- 
fonnatton,  was  then  described  as  the  New  York  system. 

At  that  time  the  published  researches  of  British  geologists  furnished  the  means 
of  comparison  between  the  organic  remains  found  in  the  rocks  of  New  York,  and 
those  then  known  to  exist  in  the  Palaeozoic  strata  of  Great  Britain.  Prof.  Hall  was 
thns  enabled,  in  his  Geology  of  the  Fourth  District  of  New  York,  to  declare,  from 
the  study  of  its  fossils,  that  the  New  York  system  included  the  Devonian  of 
Phillips,  the  Silurian  of  Murchison,  and  the  Cambrian  of  Sedgwick ;  meaning  by 
the  latter  the  Upper  Cambrian,  or  Bala  group,  which  alone  was  then  known  to  be 
fossiliferous.  From  the  evidence  then  before  him,  he  concluded  that  the  Upper 
Cambrian  was  represented,  in  the  New  York  system,  by  the  whole  of  the  rocks 
from  the  base  of  the  Utica  slate,  downward,  with  the  probable  exception  of  the 
Potsdam  sandstone ;  while  he  conceived,  partly  on  lithological  grounds,  that  the 
Utica  and  Hudson  River  groups  represented  the  Llandeilo  and  Caradoc,  or  the 
Lower  Silurian  of  Murchison. 

£mmons  meanwhile  had  examined  in  eastern  New  York  and  western  New 
England  a  series  of  fossiliferous  rocks,  which,  on  lithological  and  stratigraphical 
grounds,  he  r^arded  as  older  than  any  in  the  New  York  system ;  a  view  which  had 
been  previously  maintained  by  Eaton.  Holding  with  Hall,  that  the  lower  members 
of  the  New  York  system  were  the  equivalents  of  the  Upper  Cambrian  of  Sedgwick, 
he  looked  upon  the  fossiliferous  rocks,  which  he  placed  beneath  them,  as  the 
representatives  of  the  Lower  Cambrian. 

Feeling  satisfied  that  the  sedimentary  rocks  which  he  had  examined  in  eastern 
New  York  were  distinct  from  those  which  he,  with  Hall,  regarded  as  corresponding 
to  the  Bala  group  or  Upper  Cambrian  (the  Lower  Silurian  of  Murchison),  and 
probably  equivalent  to  the  inferior  portions  of  Sedgwick's  Cambrian,  and  sup- 
posing that  the  latier  term  was  henceforth  to  be  effaced  from  geology  (as  indeed 
was  attempted  shortly  after  in  the  copy  of  Sedgwick's  map  published  in  1844  by 
the  Geological  Society),  he  devised  for  these  rocks  the  name  of  the  Taconic  system, 
as  synonymous  with  the  Lower  (and  Middle)  Cambrian  of  Sedgwick. 

To  Prof  Hall,  after  the  completion  of  the.survey,  had  been  committed  the  task 
of  studying  and  describing  the  organic  remains  of  the  State,  and  in  1847  appeared 
the  first  volume  of  his  great  work  on  the  **  Palaeontology  of  New  York."  Since 
1842  he  had  been  enabled  to  examine  more  fully  the  oi^anic  remains  of  the  lower 
rocks  of  the  New  York  system,  and  to  compare  them  with  those  of  the  old  world  ; 
and  in  the  Introduction  to  the  volume  just  mentioned  (page  xix)  he  announced  the 
important  conclusion  that  the  New  York  system  itself  contained  an  older  fauna 
than  the  Upper  Cambrian  of  Sedgwick.  According  to  Hall,  the  organic  forms  of 
the  Calciferous  and  Chazy  formations  had  not  yet  been  found  in  Europe,  and  our 
comparison  with  European  fossiliferous  rocks  must  commence  with  the  Trenton 
group.  He  however  excepted  the  Potsdam  sandstone,  which  already,  in  1842,  he 
had  conceived  to  be  below  the  Upper  Cambrian  of  Sedgwick,  and  now  regarded  as 

'  From  the  "  Canadiaa  Nataralist,"  new  series,  vol.  ri.  no.  4,  p.  4x7. 
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the  probable  equivalent  of  the  Obolos  or  Unsulite  grit  of  St.  Petersboxg.  Thas 
Emmons,  in  1042,  asserted,  on  lithological  and  stratigraphical  grounds,  the 
existence,  beneath  the  base  of  the  New  York  system,  of  a  lower  and  unconform- 
able series  of  rocks,  in  which,  in  1844,  he  announced  the  discovery  of  a  distinctive 
£iuna.  Hall,  on  his  part,  asserted  in  1842,  and  more  fully  in  1847,  ^^^  ^c  New 
York  system  itself  held  an  older  fauna  than  that  hitherto  known  in  the  British 
rocks. 

It  is  not  necessary  to  recall  in  this  place  the  details  of  the  long  and  unfortunate 
Taconic  controversy,  which  I  have  recently  discussed  in  my  address  before  the 
American  Association  for  the  Advancement  of  Science,  in  August,  1871.  It  is 
however  to  be  remarked  that  Hall,  in  common  with  all  other  American  geologists, 
followed  Henry  D.  Rogers  in  opposing  the  views  of  Emmons,  whosse  Taconic  system 
was  supposed  to  represent  either  the  whole  or  a  part  of  the  ChampUun  division  of 
the  New  York  system  ;  which  included,  as  is  well  known,  all  of  the  fossiliferous 
rocks  up  to  the  base  of  the  Oneida  conglomerate  (and  also  this  latter,  according  to 
Emmons) ;  thus  comprehending  both  the  first  and  the  second  Padaeozoic  £uina ;  as 
shown  in  the  Table  on  mge  510. 

So  early  as  1827  Dr.  Bigsby,  to  whom  North  American  geology  owes  so  much, 
had  given  us  (Trans,  (leol.  Soc.,  2nd  series,  vol.  L  p.  37)  a  careful  description  of  the 
geology  of  Quebec  and  its  vicinity.  He  there  found  resting  directly  upon  the 
ancient  gneiss,  a  nearly  horizontal  dark-coloured  conchiferous  limestone,  having 
sometimes  at  its  base  a  calcareous  conglomerate,  and  well  displayed  on  the  north 
shore  of  the  St.  Lawrence  at  Montmorenci  and  Beauport  He  distinguished 
moreover  a  third  group  of  rocks,  described  by  him  as  a  **  slaty  series  composed  of 
shale  and  greywacke,  occasionally  passing  into  a  brown  limestone,  and  alternating 
with  a  calcareous  conglomerate  in  beds,  some  of  them  charged  with  fossils  .... 
derived  from  the  conchiferous  limestone."  (This  fossiliferous  conglomerate  con- 
tained also  fragments  of  clay-slate. )  From  all  these  circumstances  Bigsby  con- 
cluded that  the  flat  conchiferous  limestones  were  older  than  the  highly  inclined 
greywacke  series ;  which  latter  was  described  as  forming  the  ridge  on  which 
Quebec  stands,  the  north  shore  to  Cape  Rouge,  the  Island  of  Orleans,  and  the 
southern  or  Point- Levis  shore  of  the  St.  Lawrence ;  where,  besides  Trilobites,  and  the 
fossils  in  the  conglomerates,  he  noticed  what  he  called  vegetable  impressions, 
supposed  to  be  fucoids.  These  were  the  Graptolites  which,  nearly  thirty  yean 
later,  were  studie<i,  described,  and  figured  for  the  (Geological  Survey  of  Canada 
by  Prof.  James  Hall ;  who  has  shown  that  two  of  the  species  from  this  localinr 
were  describeil  and  figured  under  the  name  of  fucoids  by  Ad.  Brongniart,  in  1820. 
(Geol.  Surv.  Canada,  Decade  ii.  p.  60.)  Bigsby,  in  1827,  conceived  that  the  lime- 
stones of  the  north  shore  might  belong  to  the  Carboniferous  period,  and  noted  the 
existence  of  what  were  calletl  small  seams  of  coal  in  the  greywacke  series  of  the 
south  shore,  which  substance  I  have  since  described  in  the  Geology  of  Canada 
(page  525). 

In  1842,  the  (Geological  Survey  of  Canada  was  begun  by  Sir  William  Loean, 
who,  in  a  preliminary  report  to  the  Government  in  that  year  (p.  19',  says,  '*Oflhe 
relative  age  of  the  contorted  rocks  of  Point  Levis,  opposite  Quebec,  I  have  not 
any  good  evidence,  thougli  I  am  inclined  to  the  opinion  that  ihey  come  out  from 
below  the  flat  limestones  of  the  St.  Lawrence."  He  however  subsequently  adds,  in 
a  footnote,  "The  accumulation  of  evidence  points  to  the  conclusion  that  the  Point 
I^vis  rocks  are  superior  to  the  St.  Lawrence  limestones."  [The  views  of  Bay- 
field are  here  (liscusse<i.  also  the  later  observations  of  Logan.] 

The  concurrent  evidence  deduced  from  stratigraphy,  from  geographical  dis- 
tribution, from  lithological  and  from  paloeontological  characters,  thus  le<l  Logan, 
from  the  first,  to  adopt  tiic  views  expressed  by  Bigsby,  Emmons  and  Riyficld, 
and  to  assign  tiie  whole  of  the  Palccozoic  rocks  of  the  south-east  shore  of  the  St 
Lawrence,  below  Montreal,  to  a  position  in  the  New  York  system  above  the 
Trenton  limestone.  While  thus,  as  he  says,  founding  his  opinion  on  the  strati- 
graphical  evidence  obtained  in  Eastern  Canada,  Logan  was  also  inrtuenced  by  the 
considention  that  the  rocks  in  (jucstion  were  continuous  with  those  in  western 
Vermont.  Part  of  the  rocks  of  this  region  had,  as  we  have  seen,  originally  been 
place<l  by  Emmons  at  this  horizon  ;  while  the  others,  referreil  by  him  to  his 
Taconic  system,  were  maintained  by  Henry  D.  Rogers  to  belong  to  the  Hudson- 
River  group ;   a  view  which  was  adopted  by  Mather  and  by  Hall,  aud  strongly 
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defended  by  Adams,  at  that  time  engaged  in  a  Geological  Survey  of  Vermont, 
with  which,  in  1846  and  1S47,  the  present  writer  was  connected.  [Tl)e  subse- 
qoent  palaeontologicai  discoveries  are  here  discussed.] 

Sir  William  Logan  meanwhile  made  a  careful  stratigraphical  examination  of  the 
rocks  of  Point  Levis,  and  notwithstanding  the  peculiarities  of  the  limestones  which 
there  contain  the  primordial  fauna,  declared  himself,  in  December,  1860^  satisfied 
that  "the  fossils  are  of  the  age  of  the  strata."  In  consequence  of  the  discovery 
of  Mr.  Billings,  Logan  now  proposed  to  separate  from  the  Hudson- River  group 
the  Greywacke  series  of  Bigsby  and  Bayfield,  and  ascribed  to  it  a  much  greater 
aotiqaity ;  regarding  it  as  *'  a  great  development  of  strata  about  the  horizon  of  the 
Chazy  and  Calciferous,  brought  to  the  surface  by  an  overturn  anticlinal  fold,  with  a 
ciack  and  a  great  dislocation  running  along  the  summit,"  by  which  the  rocks  in 
qafestkmwere  "brought  to  overlap  the  Hudson-River  formation."  Thb  series,  to 
which  was  assigned  a  thickness  of  from  5000  to  7000  feet,  he  named  the  Quebec 
noap,  which  included  the  green  sandstones  of  Sillery,  regarded  as  the  summit, 
the  lossiliferous  limestones  and  graptoUtic  shales  at  the  base,  which  afterwards 
received  the  name  of  the  Levis  formation,  and  a  great  intermediate  mass  of  barren 
diales  and  sandstones,  called  the  Lauzon  formation. 

This  important  distinction  once  established,  it  was  found  necessary  to  draw  a 
fine  from  the  St.  Lawrence,  near  Quebec,  to  the  vicinity  of  Lake  Champlain, 
separating  the  true  Hudson-River  group,  with  its  overlying  Oneida  or  Medina 
iracs,  on  the  north-west  side,  from  the  so-called  Quebec  group,  on  the  south  and 


As  early  as  1842,  Prof.  Hall,  in  a  comparison  of  the  Lower  Palaeozoic  rocks  of 
New  York  with  those  of  Great  Britain,  declared  the  Potsdam  to  be  lower  than  the 
base  of  the  Upper  Cambrian  or  Bala  group  of  Sedgwick.  In  184.7,  as  we  have 
seen,  he  extended  this  observation  to  the  Calciferous  and  Chazy,  both  of  which  he 
placed  below  this  horizon  ;  which  until  a  year  or  two  previous  had  been  looked 
vpon  as  the  base  of  the  Palaeozoic  series  in  Great  Britain,  and  was  subsequently 
Bade  the  lower  limit  of  the  second  fauna  o(  Barrande.  Although  from  these  facts 
it  was  probable  that  these  lower  members  of  the  New  York  system  might  corre- 
Bond  to  the  primordial  fauna  of  Barrande,  we  still  remained,  in  the  language  of 
Prof.  Hall,  without  *'*  the  means  of  parallelizing  our  formations  with  those 
of  Bohemia,  by  the  fauna  there  known.  The  nearest  approach  to  the  type  of  the 
Primordial  Trilobites  was  found  in  the  Potsdam  of  the  north-west,  described  by  Dr. 
D.  D.  Owen  ;  but  none  of  these  had  been  generically  identified  with  Bohemian 
fcrms,  and  the  prevailing  opinion,  sanctioned,  as  I  have  understood,  by  M. 
Barrande,  was  that  the  primordial  fauna  had  not  been  discovered  in  this  country 
imtil  the  re-discovery  (in  1856)  q{  Paradoxida  HaHam  at  Braintree,  Mass.  [The 
history  of  this  Paradoxides  is  then  related.] 

The  geological  examinations  of  Mr.  Alexander  Murmy  in  Newfoundland  since 
1865  have  shown  that  the  south-eastern  part  of  that  island  contains  a  great  volume 
of  Cambrian  rocks,  estimated  by  him  at  about  6000  feet  in  alL  No  traces  of  the 
Upper  Cambrian  or  second  fauna  have  been  detected  among  these,  but  some  por- 
tions contain  the  Paradoxuies  already  mentioned,  while  others  yield  the  fauna 
which  Mr.  Billings  has  called  Lower  Potsdam.  This  name  was  first  given  in  an 
append  be  (prepared  by  Sir  W.  E.  Logan)  to  Mr.  Murray's  report  on  Newfoundland 
for  1865,  published  in  1866  (page  46 ;  see  also  Report  of  the  Geol.  Survey  of 
Canada  for  1866,  p.  236).  The  Lower  Potsdam  was  there  assigned  a  place  above 
the  Paradoxides  beds  of  the  region,  which  were  called  the  Si.  John  group, — the 
fossiliffTous  strata  of  St.  John,  New  Brunswick,  being  referred  to  the  same 
horizon  ;  which  corresponds  to  the  Menevian  of  Wales,  now  recognized  as  the 
summit  of  the  Lower  Cambrian.  The  succession  of  ihe  rocks  containing  these 
two  faunas  in  south-eastern  Newfoundland  is  not  yet  clear  ;  the  Lower  Potsdam 
fauna  is  regarded  by  Mr.  Billings  as  identical  with  that  found  on  the  strait  of 
Bellisle,  at  Bic  (on  the  south  shore  of  the  river  St.  Lawrence,  below  Quebec),  at 
Georgia,  Vermont,  and  at  Troy,  New  York  ;  but  in  none  of  these  other  localities 
is  it  as  yet  known  to  be  accompanied  by  a  Menevian  fauna.  The  Trilobites  hitherto 
describcii  trom  these  rocks  belong  to  the  genera  (Hendlus^  C^nocoryphe^  and 
Af^ftasius ;  neither  Paradoxides^  which  characterizes  the  Menevian  and  the  under- 
lying riarlecli  beds  in  Wales,  nor  Olenus,  which  there  abounds  in  the  rocks 
immediately  above  this  horizon,  having  as  yet  been  described  as  occurring  in  the 
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tat  B  ooBHwed  by  Mr.  Matthew  to  tbe  CuBlirin  rocks  of  the  St.  Joka  bi 
to  the  £oU-beuiBf  Kries  of  Nowa  Scotia  (GeoL  Jovn.  voL  jod.  p.  417K 
at  the  MOW  tiM  locaibla  docelr  the  Camfariui  rocks  of  MMth-eMlen  Kcv 
bad.  ThbvMraMifceill^  Dr.  Dawson  ia  1860^  when  he  apreaed  the  o. 
Chat  the  aariferoas  rocks  of  Nowa  Sootia  were  «« the  contiBBatkMi  of  the  oUer  dite 
series  of  Mr.  Jakes  ia  Wewftaaidhmd,  which  hm  albrfcd  /hi  arfaiai'i,*  aad  ya- 
babhr  the  eqaifaleBt  of  the  LiqgBla-fiigs  of  Wales.  (SapplcaMBt  to  AcsdiM 
Gcoksy(t8&^  pace  53;  also  Acad.  GeoL  and  ed.  pu  613.)  Assocbtad  wiA 
these  eold-besnag  stiata,  akog  the  Athnrtic  ooait  of  Nova  Seotia,  ooear  fiaS' 
giaiaed  ^Miae^  and  laica-sdiists  with  aadahisite  and  staarolite  ;  beadcs  othor 
aystaDine  ichirt%  which  are  diloritic  aod  dioritic»  and  contain  cnatalliaBd  epidot^ 
mignctitc  and  menaeeanite.  There  two  types  of  ciTstalline  schists  (which,  fam 
their  itiatignyhicsl  rehitinni,  as  wdl  as  from  their  mineral  condition,  appear  to 
be  more  aadent  than  the  anaystalline  gold'bearing  strata)  were  in  1860^  as  now, 
Kgaided  by  are  as  the  eqnivaicnii  resportivelT  of  the  Wh^  Monntain  and  Greea 
Mooatain  reries  of  the  Appalachians ;  as  will  beseen  bj  ufcicntc  to  Dr.  Dawaoa^ 
work  jost  <poled.  At  that  time,  however,  and  far  many  yean  after,  I  fadd»  ia 
common  with  most  American  geofegists,  the  opinion  that  there  two  gsoapsof 
crystalline  schists  were  altered  rocks  of  a  more  recent  date  than  that  assigned  to 
the  aunferoas  series  of  Nova  Scotia  by  Dr.  Dawson  ;  who  was  much  perplexed  by 
the  difficulty  of  reconciling  this  view  with  his  own.  llie  difficulty  is  however  at 
once  removed  when  we  admit,  as  I  have  maintained  for  the  last  two  years*  that 
both  of  these  groups  are  pre-Cambrian  in  age.  ( Amer.  Jour.  ScL  ii.  1.  83  ;  addies 
to  the  Amer.  Asso.  Adv.  Sci.  August,  187 1.) 

A  notice  by  Mr.  Selwyn  of  some  of  these  crystalline  schists  in  Nova  Scotia  will 
be  found  in  the  report  of  the  Geological  Survey  of  Canada  for  1870.  lie  tbcit 
remarks,  moreover,  the  close  lithological  resemblances  of  the  gold-bearii^  strata 
to  the  Harlech  grits  and  Lingula* flags  of  North  Wales,  and  announces  the  dis* 
covcry  among  th^  strata  of  peculiar  organic  markings  regarded  by  Mr.  Billings 
as  identical  with  the  Eophyton  Unnaanum^  which  is  found  at  the  base  of  the 
Cambrian  in  Sweden. 

[The  palseontological  features  of  the  rocks  are  then  referred  to  more  particolariy, 
and  the  marked  bredc  that  occurs  between  the  Levis  and  Trenton  faunas.] 

The  history  of  the  introduction  of  the  names  of  Silurian  and  Devonian  into 
North  American  geology  demands  our  notice.  Prof  Hall,  while  recognizing  in 
the  rocks  of  the  New  York  system  the  representatives  alike  of  the  British 
Cambrian,  Silurian  and  Devonian,  wisely  retrained  from  adopting  this  nomen- 
clature, drawn  from  a  region  where  wide  diversities  of  opinion  and  contioversies 
existed  as  to  the  value  and  significance  of  these  divisions  Lyell,  however,  in  the 
account  of  his  first  journey  to  the  United  States,  published  in  1845,  applied  the 
terms  Ix>wer  and  Upper  Silurian  and  Devonian  to  our  Palaeozoic  rocks.  Later,  in 
1846,  de  Vemeuil,  the  friend  and  colleague  of  Murchison  in  his  Russian  researches, 
visited  the  United  States,  and  on  his  return  to  France  published, in  1847,*  an  elaborate 
comparison  between  the  European  Palaeozoic  deposits  and  those  of  North  America, 
as  made  known  by  Hall  and  others.  He  proposed  to  group  the  whole  of  the  rocks 
of  the  New  York  system,  up  to  the  summit  of  the  Hudson- River  group,  in  the 
Lower  Silurian,  and  the  succeeding  members,  including  the  Lower  Helderberg, 
and  the  overlying  Oriskany,  in  the  Upper  Silurian ;  the  remaining  formations  to 
the  base  of  the  Ourbontferous  system  being  called  Devonian. 

^  BvXLSoc.GmA.^Yt.U.lf.v.646. 
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This  essay  by  de  Vemenil  was  translated  and  abridged  by  Prof.  Hall,  and 
published  by  him  in  the  American  Journal  of  Science,  with  critical  remarksy 
wherein  he  objected  to  the  application  of  this  disputed  nomenclature  to  North 
American  ^ecdogy. 

Meanwhile  the  Geological  Survey  of  Canada  was  in  progress  under  Logan,  who, 
m  his  preliminary  report  in  1S42,  and  in  his  subsequent  ones  for  1844  and  1S46, 
adopted  the  nomenclature  of  the  New  York  system,  without  reference  to  European 
diTtticHis.  Subsequently  however,  the  usage  of  Lyell  and  de  Vemeuil  was  adopted 
by  Lonn,  who,  in  his  report  for  1848  (page  57),  spoke  of  the  Clinton  group  as  the 
iMise  of  the  *' Upper  Silurian  series,"  while  in  that  for  1850  (page  34)  he  declared 
the  whole  of  a  great  series  of  fossiliferous  rocks  in  Eastern  Camtda,  including  the 
Tiient<»9  Utica,  and  Hudson-River  divisions,  and  the  shales  and  sandstones  of 
Qoebec  (then  supposed  to  be  superior  to  these)  to  ** belong  to  the  Lower  Silurian." 
In  the  report  for  1852  (page  64)  the  Lower  Silurian  was  made  by  Mr.  Murray  to 
inckide  not  only  the  Utica  and  Trenton,  but  the  Chazy  limestone,  the  Calciferous 
androck  and  the  Potsdam  sandstone  of  the  New  York  system.  From  this  time 
the  Silurian  nomenclature,  as  applied  by  Lyell  and  de  Vemeuil  to  our  North 
American  rocks,  was  employed  by  the  ofBcers  of  the  Canadian  Geological  Survey 
(myself  among  the  others),  and  was  subsequently  adopted  by  Prof.  Dana  in  his 
Mannal  of  Geology,  published  in  1863. 

The  Cieologicsu  Survey  of  Pennsylvania,  under  the  direction  of  Prof.  Henry 
Darwin  Rogers,  was  begun,  like  that  of  New  York,  in  1836,  and  the  Palaeozoic 
rocks  of  the  State  were  at  first  divided,  on  stratigraphical  and  lithological  grounds, 
into  groups,  which  were  designated,  in  ascending  order,  by  Roman  numerals. 
Subsequently,  as  he  informs  us  in  the  preface  to  his  final  Report  on  the  Geology  of 
Pennsylvania,  Prof.  H.  D.  Rogers,  in  concert  with  his  brother.  Prof.  William  B. 
Rogers,  then  directing  the  Geological  Survey  of  Virginia,  considered  the  question 
of  geological  nomenclature.  Rejecting,  after  mature  deliberation,  the  classification 
and  nomenclature  both  of  the  British  and  New  York  Geolc^cal  Surveys,  they 
proposed  a  new  one  for  the  whole  Palaeozoic  column  to  the  top  of  the  CoaU 
measures,  founded  on  the  conception  of  a  great  Pala(K)zoic  day,  the  divisions  of 
which  were  designated  by  names  taken  from  the  sun's  apparent  course  through  the 
heavens.  (Geology  of  Penn.,  L  vi.  105.)  So  far  as  regards  the  three  great 
groups  which  we  have  recognized  in  the  Lower  Palaeozoic  rocks,  the  later  names 
of  Rogers,  and  his  earlier  numerical  designations,  with  their  equivalents  in  the 
New  York  system,  were  as  follows  : 

Primal  (L ).  This  includes  the  mass  of  2500  feet  or  mure  of  shales  and  sand- 
stones, which  in  Pennsylvania  and  Virginia,  and  farther  southwards,  form  the 
base  of  the  Palaeozoic  series,  and  rest  upon  crystalline  schists.  The  Primal  division 
was  regarded  by  the  Messrs.  Rogers  as  the  equivalent  both  of  the  Potsdam  and  the 
still  lower  members  of  the  Cambrian. 

Auroral  (IL).  This  division,  which,  with  the  last,  includes  the  first  fauna, 
consbts  in  great  part  of  magnesian  limestones,  and  corresponds  to  the  Calciferous 
and  Chazy  formations.  Its  thickness  in  Pennsylvania  varies  from  2500  to  5000 
feet,  and  with  the  preceding  division,  it  includes  the  first  fauna.  The  representa- 
tives of  the  Primal  and  Auroral  divisions  attain  a  great  development  in  Eastern 
Tennessee,  where  they  have  been  studied  by  Safford. 

MatincU  (IIL).  In  this,  which  represents  the  second  fauna,  were  comprised  the 
limestones  of  the  Trenton  group,  together  with  the  Utica  and  Hudson- River  shales. 

Levant  \^.).  This  division  corresponds  to  the  Oneida  and  Medina  conglomerates 
and  sandstones. 

Surgenty  Scalent  and  Pre- Meridional  (V.,  VI.).  In  these  divisions  were  included 
the  representatives  of  the  Clinton,  Niagara,  and  Lower  Helderberg  groups  of  New 
York,  making,  with  Division  IV.,  the  third  fauna. 

The  parallelism  of  these  divisions  with  the  British  rocks  was  most  clearly  and 
correctly  pointed  out  by  H.  D.  Rogers  himself,  in  an  explanation  prepared,  as  I 
am  informed,  with  the  collaboration  of  Prof.  William  B.  Rogers,  and  published  in 
1856,  with  a  geological  map  of  North  America  by  the  former,  in  the  second  edition 
of  Keith  Johnston  s  Physical  Atlas.  The  Palaeozoic  rocks  of  North  America  are 
there  divided  into  several  groups,  of  which  the  first,  including  the  Primal,  Auroral, 
and  Matinal,  is  declared  to  be  the  near  representative  of  "the  European  Palaeozoic 
deposits  from  the  first-formed  fossiliferous  beds  to  the  close  of  the  Bala  group ; 
that  is  to  say,  the  proximate  representatives  of  the  CaiXcvbiVa^tk  q(  S^'SJ^viC  "     ^^ 
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second  group  embraces  the  levant,  Surgent,  Scalent,  and  Pre-Meridional.  These  are  • 
said  to  be  *'the  very  near  representatives  of  the  true  EUiropean  Silurian,  regarding 
this  series  as  commencing  with  the  May- Hill  sandstone."  The  Levant  division  is 
farther  declared  to  be  the  eauivalcnt  of  the  sandstone  just  named ;  wh'de  the 
Matinal  is  made  to  correspona  to  the  Landeilo,  Bala,  or  Upper  Cambrian ;  the 
Auroral  with  the  Ffestiniog  or  Middle  Cambrian ;  and  the  Primal  with  the  Linguh^ 
flags,  the  Obolus  sandstone  of  Russia,  and  the  Primordial  of  Bohemia. 

The  range  of  Silurian  should  therefore  be  restricted,  as  maintained  by  Sedgwick 
and  by  the  Messrs.  Rogers,  to  the  rocks  of  the  third  fauna  :  the  so«called  Upper 
Silurian  of  Murchison  ;  and  the  names  of  Middle  Silurian,  Lower  Silarian,  and 
Primordial  Silurian  banished  from  our  nomenclature.  The  Cambrian  of  Sedgwick, 
however,  includes  the  rocks  both  of  the  first  and  second  faunas.  To  the  fonner  of 
these,  the  lower  and  middle  divisions  of  the  Cambrian  (the  Bangor  and  Ffestiniog 
groups  of  Sedgwick),  Phillips,  Lyell,  Davidson,  Ilarkness,  Hicks,  and  other 
British  geologists,  agree  in  applying  the  name  of  Cambrian.  The  great  Bala 
group  of  Sedewick,  which  constitutes  his  Upper  Cambrian,  is,  however,  as 
distinct  firom  the  last  as  it  is  from  the  overlying  Silurian,  and  deserves  a  not  less 
distinctive  name  than  these  two.  Its  original  designation  of  Upper  Cambrian, 
given  when  the  zoological  importance  of  Ix)wer  and  Middle  Cambrian  was  as  yet 
unknown,  is  not  sufficiently  characteristic  ;  tmd  the  same  is  to  be  said  of  the  name 
of  Lower  Silurian,  wrongly  imposed  upon  it  The  importance  of  this  great  Bab 
group  in  Britain,  and  of  its  North  American  equivalent,  the  Matinal  of  Rogers,— 
including  the  whole  of  the  limestones  of  the  1  renton  group,  with  the  succeeding 
Utica  and  Hudson- River  shales, — might  justify  the  invention  of  a  new  and  spedu 
name.  That  of  Cambro-Silurian,  at  one  time  proposed  by  Sedgwick  himself,  and 
adopted  by  Phillips  and  by  Jukes,  was  subsequently  unthdrawn  by  him,  when 
investigations  macle  it  clear  that  this  group  had  been  wrongly  onited  With  the 
Silurian  by  Murchison.  Deference  to  Sedgu'ick  should  therefore  prevent  us  from 
restoring  this  name,  which,  moreover,  from  its  composition,  connects  the  group 
rather  with  the  Silurian  than  the  Cambrian.  Neither  of  these  objections  can  be  urged 
against  the  similarly-constructed  term  of  Siluro-Cambrian,  which  moreover  has  the 
advantage  that  no  other  new  name  could  possess,  of  connecting  the  group  both  with 
the  true  Silurian,  to  which  it  has  very  generally  been  unitetl,  and  with  the 
Cambrian,  of  which,  from  the  first,  it  has  formed  a  part.  I  therefore  venture  to 
suggest  the  name  of  Siluro-Cambrian,  as  a  convenient  synonym  for  the  Upper 
Cambrian  of  Sedgwick  (the  Lower  Silurian  of  Murchison),  corresponding  to  the 
second  fauna ;  reserving  at  the  same  time  the  name  of  Cambrian  for  the  rocks  of 
the  first  fauna, — the  Lower  and  Middle  Cambrian  of  Sedgwick,— -and  restricting 
with  him  the  name  of  Silurian  to  the  rocks  of  the  third  fauna, — the  Upper  Silurian 
of  Murchison. 

It  would  be  unjust  to  conclude  this  historical  sketch  of  the  names  Cambrian  and 
Silurian  in  Geology,  without  a  passing  tribute  to  the  venerable  Sedgwick.  The 
labours  of  his  successors  in  the  study  of  British  geology,  up  to  the  present  time, 
have  only  served  to  confirm  the  exactitude  of  his  early  stratigraphical  determin- 
ations ;  and  the  last  results  of  investigations  on  both  continents  unite  in  showing 
that  in  the  Cambrian  series,  as  definetl  by  him  more  than  a  generation  since,  he 
laid,  on  a  sure  foundation,  the  bases  of  Palneozoic  geology. 


JsroTiCES    OIF    n^En^oiias. 

1. — Cardiff  Naturalists'  Society:  Reports  and  Transactions.  Vol. 
III.,  Parts  1  and  2,  for  1870-71  (1872),  and  Vol.  IV.  for  1872  (1873). 

AMONG  a  great  deal  of  general  information  on  Natural  History 
and  scientific  subjects,  together  with  special  descriptions  of 
local  points  of  interest,  in  whidti  antiquary,  botanist  and  geologist 
are  concerned,  and  a  monthly  series  of  valuable  meteorological 
reports  by  Mr.  F.  G.  Evans,  backed  by  tables  of  observations,  wo 
find  in  those  Transactions  an  elaborate  and  exhaustive  memoir  on  the 
Rha}tic  Beds  of  Penartli  and  liav^nxock,  by  Mr.  Etheridge,  F.R.S.,  vol. 
iii  part  2,  pp.  39,  etc,  'witVi  \.>woi^\«A.^a  o^  lo^^iA.^,  ^\A\7«q  ofl  ^'^'cL<;i\^a, 
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EL — On  the  Spkciks  of  Favositss  fbom  the  Devonian  Books  of 
Western  Ontario.*  By  Prof.  H.  Alleynb  Nioholson,  M.D., 
D.So.,  etc.,  etc. 

f  lluiS  paper  is  intended  by  Prof.  Nicholson  to  supplement  one  by 
JL  Mr.  Billings  on  the  Devonian  Oorals  of  Canada  West  (Canadian 
Journal,  new  series,  vol.  iv.  p.  97),  with  some  of  whose  conclusions, 
as  to  the  species  of  Favo9iie$,  Prof.  Nicholson  is  unable  to  agree. 

The  genus  Favosites,  Lam.,  comprises  branched  or  massive  corals, 
composed  of  numerous  moro  or  lest  polygonal  corallites,  divided 
inteonially  by  transverse  septa  or  *'  tabulsd,"  sometimes  quite  rudi- 
mentaiy.  The  walls  of  the  corallites  are  perforated  by  one,  two, 
three,  or  more  rows  of  mural  poros.  The  septa  aro  absent  or 
rudimentary,  being  at  most  reprosented  by  tuberoles  or  short  spines. 

Palssontologists  are  not  agroed  as  to  the  generic  limits  of  Faff09ite9, 
and  several  new  genera  have  been  founded,  which  Prof.  Nicholson 
gives  reasons  for  rejecting. 

The  numerous  species  of  Favoiites  may  be  divided  into  two 
groups — massive  and  ramose ;  F,  Oothlandica  being  the  type  of  the 
former,  and  F.  polymorpha  of  the  latter. 

The  following  characters  have  been  relied  on  for  separating  the 
species  of  this  genus : — 1.  The  diameter  of  the  corallites ;  2.  The 
equality  or  inequality  of  their  size ;  3.  The  completeness  or  iuootn- 
pletoness  of  the  tabuUd;  4.  The  number  of  rows  of  mural  pores; 
5.  The  position  of  the  mural  pores ;  6.  The  presence  or  absence  of 
rudimentary  septa. 

For  convenience  of  roferonce,  the  author  gives  the  following  table 
of  the  more  important  species  of  Favosites,  it  being  remembered 
that  some  of  them  are  perhaps  not  valid,  and  the  number  of  rows  of 
mural  pores  not  constant  even  in  the  limits  of  the  same  species. 

A.  Massive  species. 

a.  TabulsB  complete.    One  row  of  mural  pores,  placed  on  the 
faces  of  the  corallites. 

1.  Favosites  hasalticaf  Ooldf. 

2.  Favosites  turhinata,  Billings. 

6.  Tabulae  complete.    Two  rows  of  mural  pores,  placed  on  the 
faces  of  the  corallites. 

3.  Favosites  Oothlandica,  Lam. 

4.  Favosites  Niagarensis,  HaU. 

c  Tabulae  complete.    Throe  rows  of  mural  poros,  placed  on  the 
faces  of  the  corallites. 

5.  Favosites  multipora,  Lonsd. 

f).  Favosites  Troosti,  Edw.  and  Haime. 

d.  Tabulae  complete.   Mural  pores  situated  in  the  angles  formed 

by  the  prismatic  walls  of  the  corallites. 

7.  Favosites  alveolaris,  Gk)ldf. 

8.  Favosites  aspera,  Ooldf. 

e.  Tabulae  more  or  less  incomplete.     Mural  pores  in  one,  or 

moro  commonly  two  rows. 

1  From  **  The  Canadian  JoomaL" 
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9.  Favosites  hemispherical  Yandell  and  Sbnmard. 

10.  Favosites  Forhesi,  Edw.  and  H. 
B.  Ramose  species. 

a.  With  one  row  of  mural  pores,  on  the  faceB  of  the  oorallites. 

11.  Favosites  polymorpha,  Groldf. 

12.  Favosites  cervieomis,  De  Blainville. 

13.  Favosites  reticulataf  De  Blainville. 

h.  With  one  row  of  pores,  placed  in  the  angles  formed  by  the 
prismatic  faces  of  the  corallites. 

14.  Favosites  fibrosa,  Gk)ldf. 

Of  the  above  species,  those  which  have  been  recognized  as 
occurring  in  the  Devonian  rocks  of  Canada  are :  Favosites  Oo^- 
landica,  Lam. ;  F.  hemispherical  Yandell  and  Shumard ;  F,  Forhm, 
Edw.  and  H.;  F,  turbinata,  Billings;  F,  cervicomis,  De  Blainville; 
and  F,  polymorpha,  Qoldf. 

I.  Favosites  Gothlandica,  Lamarck. — ''Corallum  forming  sphe- 
roidal, pyriform,  or  large  hemispheric  or  flattened  masses ;  corallites 
are  in  general  between  one  and  one  a  half  lines  wide,  sometimes  more, 
sometimes  less,  often  two  lines ;  transverse  diaphragms  usually  com- 
plete, rarely  incomplete;  mural  pores  in  one,  two,  or  three  series, 
usually  two,  those  of  the  same  series  about  half  a  line  distant,  some- 
times less ;  pores  surrounded  by  an  elevated  margin ;  faces  of  the  tubes 
with  one  or  two  longitudinal  striae,  more  or  less  distinctly  developed; 
radiating  septa  represented  by  a  series  of  small  spines,  often  in  the 
rudimentary  form  of  tubercles." — Billings. 

Whilst  the  above  exist  in  typical  specimens,  there  are  numerous 
departures  from  this  state  of  things.  The  corallites  are  often  uniformly 
below  the  average  in  an  entire  colony,  or  nearly  round  instead  of 
polygonal.  There  is  sometimes  but  one,  and  sometimes  three  rows 
of  mural  pores.  The  tabulaa  are  sometimes  absent,  and  sometimes 
form  little  projecting  lamella),  or  ridges,  sometimes  resembling  those 
of  F.  hemispherica,  being  closely  set  and  incomplete,  often  more  or 
less  bent,  and  commonly  interlocking. 

The  septa  as  a  general  rule  are  absent,  or  at  any  rate  indetermin- 
able, but  are,  however,  not  uncommonly  to  be  recognized  in  the 
form  of  small  inequalities  or  minute  tubercles. 

The  shape  of  the  colonies  also  varies  much.  The  colony  is  based 
on  a  concentrically  wrinkled  epitheca,  which  i^  very  commonly 
wanting  in  decorticular  sj^ecimens,  and  attains  a  considerable  thick- 
ness in  aged  examples. 

Locality  and  Formation — Common  throughout  the  Comiferous  Lime- 
stone in  Canada  West. 

II.  Favosites  hasalticaf  Goldfuss. — It  is  with  regard  to  this  species 
that  Prof.  Nicholson  is  inclined  to  differ  from  the  conclusions  arrived 
at  by  Mr.  Billings. 

Making  a  single  row  of  mural  pores  the  distinguishing  character 
of  this  species,  Goldfuss  includes  under  this  head — 

1.  Specimens  which  differ  only  in  this  respect  from  F.  Goth- 
landica, 

simens  which  agree  with  the  preceding  in  having  some- 
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^^C8  (not  always)  a  single  row  of  mural  pores,  but  which  differ 
^^  having  nearly  rounded  or  cylindrical  corallites  of  very  unequal 
size,  whilst  the  tabulae  are  only  represented  by  short  projecting 
jamellse,  imparting  a  peculiar  and  characteristic  appearance  to  the 
inner  surface  of  the  corallites. 

It  is  the  first  of  these  groups  which  is  usually  regarded  as  the 
type-form  of  F,  hasaltica,  Goldf. ;  and  the  only  question  is  whether 
these  ai-e  separable  from  F,  Gothlandica,  Lam.,  or  not.  The  author 
next  discusses  the  opinions  of  various  writers  on  this  point 

The  second  group  was  separated  by  MM.  Milne-Edwards  and 
Haime  from  the  first  under  the  head  of  F.  Forbesi;  but  Mr.  Billings 
re-united  them  under  the  former  name  of  F,  hasaltica,  Goldf. 

Prof.  Nicholson  considers  that  F,  Forhesif  M.-Ed.  and  H.,  is  a  good 
ipecies,  and  proceeds  to  describe  it 

III.  Favosttes  Forhesiy  Edw.  and  H. — Corallum  forming  sphe- 
'oidaU  pyriform,  cylindroidal,  or  depressed  hemispheric  masses, 
imposed  of  corallites,  generally  circular  or  cylindrical  in  shape, 
ind  usually  very  unequal  in  size ;  mural  pores  in  two  alternating 
rows,  rai-ely  in  a  single  row;  tabulae  mostly  rudimentary  and  re- 
presented by  very  close-set  projecting  lamellae,  which  roughen  the  in- 
»rior  of  the  corallites ;  radiating  septa  represented,  sometimes  clearly, 
K>metimes  indistinctly,  by  a  number  of  longitudinal  ridges  or  striae. 

The  corallites  are  large  and  small,  each  larger  one  being  surrounded 
>y  an  incomplete  ring  of  smaller,  which  vary  considerably  in  size, 
nrhilst  the  larger  are  pretty  constant ;  the  mural  pores  often  cannot 
36  made  out  The  tabulae  are  present  in  an  incomplete  and  rudi- 
nentary  form,  projecting  a  short  way  into  the  coral  lite,  giving  it  a 
peculiar  and  easily-recognized  appearance,  and  in  one  specimen  in 
Prof.  Nicholson's  possession  extend  half  across  the  corallite,  often 
bifurcating  or  interlocking  at  their  free  ends,  and  sometimes  extend- 
ng  right  across.  The  nidiating  septa  are  quite  rudimentary,  and 
ivhen  discernible  have  the  form  of  obscurely  marked  longitudinal 
itriae.  Lastly,  the  author  has  observed  in  some  specimens,  espe- 
jially  those  of  a  cylindroidal  or  clavate  form,  the  peculiar  feature 
;hat  the  calicos  of  a  greater  or  less  moiety  of  the  colony  are  closed 
)y  an  epitheca,  closely  resembling  what  is  observed  in  F.  iurhinaia, 
Billings. 

Prof.  Nicholson  next  mentions  some  other  specimens  which  present 
several  peculiar  features,  but  which  he  cannot  at  present  separate 
Tom  this  species. 

Locality  and  Formation — Corniferous  Limestone,  Port  Colbome, 
ind  lot  6,  con.  1,  Wainfleet. 

IV.  Favositea  hemispherica,  Yaindell  and  Shumard. — In  its  essen- 
ial  characters  this  species  is  closely  allied  to  JP.  Oothlandica;  but 
he  corallites  are  much  smaller  in  size  and  the  tabulae  incomplete, 
rery  thin,  and  closely  set,  usually  extending  only  half-way  across  the 
orallite,  and  often  interlocked  towards  its  oentre.  Usually,  how- 
tver,  some  of  the  tabulae  are  complete.  The  mural  pores  are  stated 
o  be  in  one,  two,  or  three  rows  (M.-Edw.  and  H.  and  Billings),  but 
he  author  has  not  detected  any  in  the  Canadian  specimens  which 
le  has  seen.    According  to  Milne-Edwards  and  Haime^  also^  there 
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are  twelve  well-developed  septa,  but  these  are  indetermiDable  in  the 
Canadian  specimens.  The  author  agrees  with  Mr.  Billings  in  think- 
ing that  this  species  may  tarn  oat  to  be  identical  with  K  GoManiuA, 
and  in  refusing  to  adopt  the  genus  Emmonsia  propoeed  for  thii 
species  by  M.-Edw.  and  Haime. 

Locality  and  Formaiion — Common  in  the  Comiferous  Limestone  of 
Ridgway,  Port  Col  borne,  and  many  other  places  in  Western  Ontaiio. 

V.  Favosites  turhinatat  Billings. — "Corallum  forming  elongate 
turbinate  masses,  sometimes  two  feet  in  length  and  six  inches  in 
diameter,  often  curved  at  the  base.  Corallites  nearly  uniform  in  siae, 
usually  somewhat  less  than  a  line  in  width ;  transverse  diaphragms 
thin,  flat,  flexuous,  complete  or  incomplete.  Only  one  row  of  porei 
has  been  observed.  Whole  surface,  except  the  upper  part,  covered 
with  a  strong  epitheca,  which  closes  the  mouth  of  the  ceUs."— 
Billings. 

The  form  of  the  colony  varies  much,  sometimes  being  merely  in 
irregularly  curved  mass,  which  looks  like  a  large  potato. 

The  epitheca  in  most  specimens  is  smooth  and  sufficiently  thin  to 
allow  of  the  form  of  the  corallites  being  traced  through  it  In  s 
large  number  of  specimens  it  has  been  denuded  or  decorticated. 

The  corallites  radiate  from  the  imaginary  axis  of  the  colony  eitbw 
in  straight  lines  or  curves,  and  in  shape  are  rounded,  subprismatic, 
or  more  commonly  distinctly  prismatic.  They  are  by  no  means 
uniform  in  size,  there  being  generally  a  considerable  number  of 
undersized  corallites  intercalated  amongst  the  nearly  equal-sized 
larger  tubes. 

The  mural  pores,  so  far  as  the  author  has  observed,  are  uniformly 
in  single  rows,  placed  on  the  flat  surfaces  of  the  corallites,  and  from 
half  a  lino  to  a  line  apart. 

Locality  and  Formation  — Common  in  the  Comiferous  Limestone  of 
Ridgway,  Port  Colborne,  and  other  localities  in  Western  Ontario. 

VI.  Favosites  pohjmorpha,  Goldfuss. — Corallum  dendroid,  often 
diohotomously  branched,  or  reticulated ;  diameter  of  branches  vary- 
ing from  a  little  over  a  line  to  more  than  an  inch.  Corallites  radiat- 
ing in  all  directions  from  an  imaginary  axis  nearly  at  right  angles, 
more  or  less  Qontracted  internally,  and  widening  as  they  approach 
the  surface.  Diameter  of  corallites  from  half  to  three-quarters  of  a 
lino  in  branches  of  half  an  inch  across,  often  with  smaller  ones 
intercalated.  Calices  in  reiility  polygonal,  but  usually  rendered  cir- 
cular by  the  thickening  of  their  walls.    Mural  pores  in  a  single  series. 

The  ramose  species  of  Favosites  are  so  variable  in  their  characters, 
that  Prof.  Nicholson  intends  to  treat  of  them  hereafter  along  with 
the  species  of  Alveolites^  to  which  they  present  many  superficial 
resemblances. 

The  al>ove  definition  includes  the  typical  forms  of  F,  polymorpha, 
but  there  are  numerous  examples  which  can  be  regarded  either  as 
mere  varieties  of  it  or  as  belonging  to  another  species  altogether. 
Such,  for  example,  as  F.  cervicomis  and  F.  duhia,  Do  Blainville. 

Besides  the  above,  the  Devonian  rocks  of  Western  Ontario  yield 
At  any  rate  one  ramose  form  of  Favosites^  which  appears  to  be  distinct 

m  any  as  yet  desctibed.— B.  "ft.  \^ . 
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^'^3j^'tOGiCAL  Society  of  London. — Opening  Meeting,  November  5,  1873. 
lo^f^^f^KKor  Ramsay,  F.R.S.,  Vice-President,  in  the  Chair.    The  following  com- 


_        ^ns  were  read : — 

l^Vv**On  the  Skull  of  a  species  of  Halithermm  from  the  Red  Crag  of  Suffolk." 

^JJn>£  W.  H.  Flower,  F.R.S.,  F.G.S. 

"^^^Y^  specimen  described,  which  is  in  the  collection  of  the  Rev.  H.  Canham,  of 

^^Idiingfield,  is  from  the  so-called  coprolite-  or  bone-bed  at  the  base  of  the  Red 

^^S,  and  presents  the  usual  aspect  of  the  mammalian  remains  from  that  bed.     It 

^Jl^especial  interest  as  fumishm^  the  first  recorded  evidence  of  the  existence  in 

j^^^tain  oi  ffy!im»1«  belonging  to  the  order  Sirenia.    The  fragment  consists  of  the 

^^iri  part  of  the  cranium,   separated,  probably  before  fossilization,  from  the 

g^iterior  part  of  the  front o-panetal  suture,  and  in  a  line  descending  vertically 

^Viefiom.    It  was  afrerwards  subjected  to  severe  attrition,  by  which  many  of  the 

^^t>je^ing  parts  have  been  removed,  but  sufficient  remains  to  enable  its  general 

*^Zatkmship  to  known  forms  to  be  determined.    The  whole  of  that  portion  of  the 

^laziUae  in  which  the  molar  teeth  were  implanted  is  preserved. 

The  author  compared  the  fossil  skull  with  those  of  the  existing  and  extinct 
^pedes  of  the  order,  and  stated  that  while  it  presents  many  characters  common  to 
tie  Maaati  and  the  Dugong,  there  are  others  by  which  it  differs  from  both,  the 
%i06t  striking  being  the  more  normal  development  of  the  nasal  bones  and  the  outer 
>vall  of  the  nasal  fossae,  and  especially  the  dentition,  in  all  of  which  it  shows  a 
tBore  generalized  condition.  The  existence  in  it  of  maxillary  teeth  removes  it  still 
Ibrther  from  Rhytina.  In  general  character  the  molars  correspond  with  those  of 
the  genvs  Halithtrium^  in  which  the  author  considered  that  this  fossil  found  its 
nearest  ally  in  H.  Schinziy  Kaup,  from  the  Miocene  of  the  Rhine  Valley,  a  forma- 
tkm  in  wnich  several  of  the  animals  of  the  Red  Crag  bone-bed  are  known  to 
occur.  The  differences,  however,  especially  the  larger  size  of  the  cranium,  in  the 
Cng  specimen,  and  the  larger  size  of  its  teeth,  induce  the  author  to  regard  it  as  a 
distinct  species,  which  he  proposes  to  name  Halitherium  Canhami. 

IXtcussion, — Mr.  Prestwich  thought  the  specimen  a  most  interesting  addition  to 
the  derived  fossils  of  the  lower  beds  of  the  Red  Crag.  It  was  most  likely  derived 
from  some  of  the  Miocene  beds  which  formerly  existed,  probably  on  what  is  now 
the  basin  of  the  German  Ocean. 

Mr.  H.  Woodward  mentioned  that  in  the  Woodwardian  Collection  there  was  a 
skull  of  HcUUherium  from  the  Miocene  of  Darmstadt.  It  was,  he  thought,  of 
great  interest  to  meet  with  these  Miocene  forms  in  the  Crag,  most  of  the  fossils  of 
which  appear  to  have  been  derived  from  the  lower  beds  of  the  London  Clay. 

Dr.  Leith  Adams  mentioned  the  discovery  of  a  tooth  of  Halitherium  in  a  cal- 
careous bed  in  Malta,  where  also  he  had  discovered  one  of  the  ear- bones. 

Mr.  Seeley  pointed  out  that  the  skull  presented  some  peculiarities,  which  made 
him  doubt  whether  it  could  rightly  be  ascribed  to  Halitherium.  He  thought 
possibly  it  might  belong  to  a  new  genus ;  at  the  same  time  he  had  noticed  in  the 
Crag  deposits  some  vertebrae  which  he  thought  might  be  attributed  to  Halitherium, 

The  Chairman  was  glad  to  find  that  so  many  geologists  were  disposed  to  regard 
the  majority  of  the  fossil  bones  from  the  Crag  as  derivative.  He  had  long  regarded 
them  as  belonging  to  a  Miocene  period,  and  probably  a  late  one,  and  to  a  time 
when  this  country  was  united  to  the  continent.  When  at  the  Crag  period  a  portion 
of  the  surface  was  submerged,  the  neighbouring  land  might,  however,  have  been 
still  inhabited  by  the  old  Miocene  fauna. 

2.  "  New  Facts  bearing  on  the  Inquiry  concerning  Forms  intermediate  between 
Birds  and  Reptiles. "    By  Henry  Woodward,  F.  R.  S. ,  F.  G.  S. 

The  author,  after  giving  a  brief  sketch  of  the  Sauropsida,  and  referring  especially 
to  those  points  in  which  the  Pterosaurians  approach  and  differ  from  birds,  spoke  of 
the  fossil  birds  and  land  reptiles  which  he  considered  to  link  together  more  closely 
the  Sauropsida  as  a  class. 

The  most  remarkable  recent  discoveries  of  fossil  birds  are : — 

I.  ArcfuEdpteryx  tiiacrura  (Owen),  a  Mesozoic  type,  which  has  a  peculiar 
reptilian-like  tail,  composed  of  twenty  free  and  apparently  unanchylosed  cylindrical 
vertebrae,  each  supporting  a  pair  of  quill- feathers,  the  last  fifteen  vertebrae  having 
no  transverse  processes,  and  tapering  gradually  to  the  end. 


DC  prodmBB  Bf 
It  Aims  a  iMffin  tndk  fbnMd  by  the  taa  te 

dnnm  alon^  the  gvyiiA ;  co  each  side  of  dus  the  hind  feet  vith  mii5.pceid  toa 
kar^  thw  marc-  wfcfit  tbe  fore  feet  ;3?t  toach  the  grocxxl.  Searing  doc-like  im- 
pmfi'yr.f  nearer  the  xctdiin  line.  Hecce  the  asthor  tboaght  thai  vhile  some  of 
the  bipedal  tracks  which  are  aiet  vhh  &9m  the  Trias  apvards  mar  be  the  **spoar'^ 
of  Strjthkffis  birds,  raost  c*f  them  are  doe  to  the  btpedal  progresaon  of  the  Seooodazj 
Ref/.ile*. 

Diuutnon. — Mr.  Seeler  thocgfat  that  the  footprints  on  the  slab  dted  m  the 
paper  had  been  prodoced  br  some  sanrian,  sach  as  a  Pterodactyle^  the  lore  limbs 
of  which  were  wider  apart  than  its  hind  limbs,  rather  than  bj  Cmps^^inaikus.  If 
the  foot-track  had  been  doe  to  a  sanrian  walking  on  its  hind  legs  ooir,  he  thoi^t 
that  the  principal  impressions  most  of  necessity  have  been  nearer  together.  He 
dUputed  the  correctness  of  the  term  **  adaptive  modification^  as  applied  to  the  air- 
cavities  in  bones.  He  was  inclined  to  regard  the  Pterodactyle  as  piore  dosdy 
allied  to  Birds  than  did  the  anthor  of  the  paper.  The  condition  of  the  carpuS)  t$ 
well  a.s  the  tarsut,  in  these  reptiles  ^owed  their  ornithic  a£Bnities.  He  dted 
jerboas,  kangaroos,  and  other  forms,  in  which  the  hind  legs  were  mainl  j  ised 
for  progression,  bot  in  which  the  sacrum  and  other  bones  were  not  modified,  as 
instances  calculated  to  inspire  caution  in  connecting  the  mode  of  progression  with 
stractore. 

Mr.  Hulke  could  not  regard  the  tracks  as  those  of  a  Pterodactyle,  as  the  inner 
marks  were  much  less  distinct  than  the  outer,  and  would  therefore  hardly  be  dor 
to  the  hinder  limbs  on  which  the  weight  would  mainly  fall 

Mr.  Blanford  agreed  with  Mr.  Seeley  that  the  mere  fact  of  the  Chlamydosaurui 
walking  on  its  hind  legs  did  not  suffice  to  prove  any  affinity  with  Dinosaurians. 

Mr.  Woodward,  in  reply,  stated  that  the  two  points  on  which  he  had  mainlj 
founded  the  paper  were : — ist,  the  occurrence  of  footprints  in  the  Solenhofen  lime- 
stone, characteristic  of  a  bipedal  progression  of  some  saurian,  which  had,  moreover> 
used  its  tail  from  time  to  time  to  give  it  a  forward  impetus ;  and  2ndly,  the  method 
of  walking  of  Chlamydosaurus,  With  regard  to  animals  thus  progressing,  he  was 
not  prepared  to  accept  the  view  that  there  was  no  corresponding  modification  ia 
structure. 

J.   "Note  on  the  Astragalus  ol  l^iMMoian  MafUdUr    By  J.  W.  Hulke,  Esq., 
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The  anthor  exhibited  and  described  an  astragalus  of  Iguanodon  from  the  col- 

~^'  "  of  E.  P.  WUkins,  Esq.,  F.G.S.     The  bone  was  beUeved  to  be  previously 

m.     It  is  a  bone  of  irregular  form,  having  on  its  lower  surface  the  charac- 

pnlley-shape  of  a  movable  hinge-joint     The  upper  surface  presents  a  form 

adapted  to  that  of  the  distal  end  of  the  tibia,  so  that  the  applied  surfaces 

«f  the  astragalus  and  tibia  must  have  interlocked  in  such  a  manner  as  to  have  pre- 

dnded  all  motion  between  them.  The  author  remarked  upon  the  interest  attaching 

',  to  this  fict  in  connexion  with  the  question  of  the  relationship  between  the  Dinosauria 

■Bd  Birds. 

4.  "Note  on  a  very  large  Saurian  Limb-bone,  adapted  for  progression  upon 
Inid,  from  the  Kimmeridge  Clay  of  Weymouth,  Dorset^*  By  J.  W.  Hulke,  Esq., 
F.ILS.y  F.G.S. 

The  bone  described  by  the  author  presents  a  closer  resemblance  to  the  Croco- 
type  of  humerus  than  to  any  other  bone,  and  he  regarded  it  as  the  left 
of  the  animal  to  which  it  belonged.  Its  present  length  is  54  inches,  but 
perfect  it  could  hardly  have  been  less  than  63  inches  in  length.  The  middle 
i)f  the  shaft  is  cylindroid.  Its  transverse  section  is  of  a  subtngonal  figure,  and 
presents  a  large  coarsely  cancellated  core,  inclosed  in  a  compact  cortical  ring. 
The  bone  is  considerably  expanded  towards  the  two  extremities  ;  the  distal  articu- 
lar sor&oe  is  oblong,  and  divided  into  a  pair  of  condyles  by  a  very  shallow  vertical 
^roore ;  below,  the  anterior  border,  in  its  proximal  half,  is  much  wider  than  the 
oonaponding  portion  of  the  posterior  border,  and  is  flattened  and  produced  down- 
wards into  a  ventrally  projecting  crest ;  and  the  distal  half  of  this  border  forms  a 
thill,  roogh  crest,  projecting  forwards.  The  presence  of  these  crests  distinguishes 
fte  present  humerus  from  those  of  Pdorosaurus  and  of  Cdeosaurus  Oxoniettsis ; 
but  tne  general  correspondence  of  the  bone  with  the  humerus  of  the  latter  species 
leads  the  author  to  refer  it  provisionally  to  a  species  of  CeUosaurus^  which  he  pro- 
poses to  name  C  huniero-cristatus. 

Discussion. — Mr.  Seeley  remarked  that  the  internal  structure  of  the  bone  re- 
sembled that  found  in  Gigantosaurus^  and  the  general  form  of  the  humerus  was 
sodi  as  might  be  expected  did  it  belong  to  an  animal  of  that  genus. 

5.  A  despatch  from  Mr.  Alfred  Biliotti,  British  Vice-Consul  at  Rhodes  (dated 
Jime  16,  I073),  communicated  by  H.  M.  Secretary  of  State  for  Foreign  Affairs, 
and  relating  to  the  volcanic  outburst  in  the  island  of  Nissiros,  one  of  the  Sporades, 
in  which  there  existed  a  volcano  supposed  to  be  extinct.  Shortly  before  the  loth 
June  new  craters  opened  in  this  volcano,  and  from  them  ashes,  stones,  and  lava 
were  ejected  ;  many  fissures,  from  which  hot  water  flowed,  were  produced  in  the 
mountain,  and  the  island  was  daily  shaken  by  violent  earthquakes.  From  Rhodes, 
at  a  distance  of  about  50  miles,  the  smoke  rising  from  the  new  craters  could  be  seen. 


OOE.iaESI'03SrZDE3SrOE- 


THE  CHESIL  BANK. 

Sir, — ^Having  within  the  last  three  weeks  examined  the  Chesil 
Bank,  I  was  much  pleased  to  see  by  your  November  Number  that 
the  Rev.  0.  Fisher  offers  what  I  consider  the  true  theory  of  that 
romarkable  phenomenon,  and  one  identical  with  the  explanation 
noted  down  by  me  at  the  time. 

The  bank  is  undoubtedly  the  resultant  of  the  mechanical  action 
of  the  tides  and  prevailing  winds,  as  modified  by  the  leading  features 
of  coast  configuration.  Its  regularity — appearing  almost  as  an 
artificial  embankment — is  most  striking,  and  points  to  a  wonderful 
uniformity  of  action  over  a  lengthened  period  of  the  producing 
causes.  At  Burton  Cliff,  its  western  extremity,  it  commences  as  a 
beach,  graduaUy  developing  as  it  passes  over  the  low  lying  land  to  the 
eastward  into  a  bank  or  ridge  ^^-ith  seaward  and  landward  slopes, 
until  it  approaches  the  Coast  Guard  Station,  where  it  again  becomes 
a  beach  against  a  low  cliff,  cut  by  the  sea  into  loose  materials 


r 
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IS  roimd  bu 


formmg  n  projecting  lip  of  laoii     At  this  pnict  it 

cnt  through  by  ilwp  galleyis  excaTalml  b;  »OT«ral  litU« 

water.     P'urther  on  it  again  beoomea  a  bank,  and  sweeps  roi .^^ 

mi^jeGtic  curve  paat  Abbut^binj  to  Portliiod.  Ita  iodependenM  d 
tho  minor  confi^nration  of  the  coast  1?>ug  between  Burton  Cliff  ni 
Portland  is  very  n-markable.  The  seaward  elope,  whether  bonk  or 
beach,  is  in  a  oontiimoua  curve  from  it*  two  eitrvmes.  The  Fleet ' 
only  tUo  uaturul  oouaoqueoce  of  tbo  barriers  built  on  the  low  laudi 
"  *»".  T.  Mkllam.  Ekadk.  C^ 

r  171*.  187». 


DIBOOVEBT  OP  LISQVLA  OVAIIS  IN  THB  KIMMERIDGE  CLAY  41 
BOULOGSE-SUR-MEB. 
SiK, — Whilst  on  a  abort  geological  tonr  abroad  early  in  September, 
I  was  fortunate  enough  to  iliscover  a  Lingala  in  the  Cli&  neat 
Boulogne  ;  and  on  my  return  home,  I  f^ve  it  to  T.  Davidson,  Esq^ 
F.R.B.  He  sent  information  of  it  to  MM.  Kigaux  and  de  Loriol  {who 
are  publishing  a  work  on  the  Boulogne  fossils),  and  they  both  soj  it 
has  never  Iwen  discovered  (or  recorded)  before,  in  tho  Kimmen'dp 
Clay  of  Boulogne  ;  though  those  cliffs  have  been  searched  for  yeaa, 
by  French,  English,  and  other  geologists!  The  abell  in  qautioD, 
Linf/nla  oealii,  occurred  in  a  block  of  ebale.  and  was  a  be«ati^ 
specimen,  quite  perfect  when  I  tirst  found  it.  but  it  has  got  damsgwl 
since.    Ur.  Davidson  has  kindly  drawn  the  following  figure  for  me: 


Lin^uia  Ofali;  Sow.,  Kimtneridge  Cliv,  fioalogne-mr-iner, 

I  alno  give  a  rough  sketch  (from  memory)  of  the  place  where  1 
found  it,  for  the  benefit  of  geological  visitors  to  Boulogne — tho  stisto 
are  named  from  M.  Rigoux'  map. 

Moalin 

Fort.  La  Crieho  Wibi-rt, 


A.  Orfi  3  Anrnnailn gigi 

B.  cicbiaTeift  Thmf    ' 

C.  Grit  ti  fmurul. 

D.  ('alCHire  k  Area  bmfirmtrii. 
*  PUce  wneni  I  fouad  tlu  Liag'da  : 

La  Crtehe  point. 

It  is  not  a  little  singular  that  witfain  a  fortnight  a/1«r  this  disooveiy, 
I  alao  found  1^  tanw  sHeU  in  tkt  vm^  |ortMai>m\K%<n««  from  tto 


n  the  Bsj  a  f«w  hutdnd  Tsidi  soatb  o( 
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8ob-Wealdte  boring,  which  I  gave  to  Professor  Phillips  at  Bradford, 
imd  which  enabled  him  to  report  in  Nature  of  Oct.  9th,  that  the 
boring  was  in  Kimmeridge  Clay.^  This  shell  is  characteristic  of  that 
formatiou  at  Shotover  Hill,  near  Oxford,  and  at  Ely,  near  Cambridge, 
and  Mr.  Davidson  tells  me  that  the  Boulogne  specimen  is  the  same 
dwb  as  those  from  the  above-named  places,  viz.  about  |  inch  in  length, 
vod  ^inch  in  breadth,  but  the  "  sub-Wealden"  lAngtua  is  remarkable 
for  being  only  about  ^  inch  in  length. 

1  have  since  found  two  or  three  other  specimens,  and  they  are  all 
of  the  same  diminutive  size :  it  may  possibly  be  that  they  are  young 


I  hope  soon  to  hear  of  some  more  good  specimens  turning  up 
both  from  the  boring  and  the  Boulogne  Olifis. 

8t.  liSONAsos,  Jfw,  3, 1S73.  John  E.  H.  Peyton. 

P.S. — Since  writing  the  above,  I  have  found  the  following  addi- 
tional fossils  from  the  Stib-Wealden  boring;  depth  about  300 feet: — 
a  Patella  latimma,  an  Ostr^ea,  a  Pecten,  and  a  Modiola.  They  were 
■hown  to  some  of  the  Committee  in  Jermyn  Street,  and  pronounced 
to  be  Kimmeridge  Clay  fossils;  thus  confirming  Prof.  Phillips's 
annonncement  in  Nature,  alluded  to  above. 

Nov.  21.  J.  E.  H.  P. 

AiiBAHY  Hancock. — Zoologists  have  seldom  had  to  mourn  a  greater 
loss  than  that  which  they  have  sustained  by  the  death  of  Albany 
Hancock ;  and,  as  is  so  often  the  case  when  a  scientific  man  of  the 
first  rank  leaves  this  life,  one  subdivision  of  the  sciences  is  not  alone 
affected  by  it.  Paleontology  has  also  lost  in  Mr.  Hancock  an  earnest 
and  clear-sighted  worker,  and  may  be  said  to  have  reaped  almost  the 
last  fruits  of  his  labours.  It  is  as  a  palsBon^ologist  that  he  roust  be 
commemorated  here,  and  a  glance  at  the  accompanying  list  of  his 
papers  on  ancient  forms  will  show  that  the  range  of  his  knowledge 
as  such  gave  him  an  indisputable  right  to  the  title. 

Mr.  Hancock  was  born  in  Newcastle  in  1806,  and  died  there  on 
the  24th  of  last  October.  His  life  was,  in  the  onlinary  sense  of  the 
term,  singularly  uneventful.  Scarcely  ever  did  he  leave  his  birth- 
place, which,  with  the  dales  and  fells  in  its  neighbourhood,  he  loved 
as  north  countiymen  can,  never  did  he  forsake  his  pure  naturalist's 
work.  Each  year  of  his  manhood  was  marked  by  the  discovery, 
accurate  observation,  and  ever  modest  publication  of  new  and 
important  facts  in  Bioloo^y.  His  work  speaks  for  itself;  but  the 
spirit  in  which  he  worked,  his  intense  love  of  Nature  for  her  own 
sake,  his  unaffected  shrinking  from  honours  which  were  forced  upon 
him,  his  readiness  to  impart  his  knowledge  or  to  give  all  help  to  the 
humblest  beginner  who  was  willing  to  work,  his  contempt  of  the 
so-called  popular  science  of  blatant  sciolists,  his  life-long  friendships, 
— all  these  must  not  pass  away  unrecorded.  They  cannot  pass  away 
nnremeuibered  by  anj'  one  who  know  him. 

By  Albany  Hancock's  death  the  small  but  strong  circle  of  natur- 

^  Bee  also  letter  from  Prof.  Phillips  in  Geol.  Mag.  for  Kovember,  p.  527. 
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alists  with  whose  names  the  early  and  brilliant  days  of  the  Tynedde 
Naturalists'  Field  Club  will  always  be  associated  is  once  more 
thinned  indeed. 

List  of  papers  bearing  on  Palaeontology  and  G^logy  by  Albany 
Hancock : — 

1.  On  the  boring  of  the  Mollusca  into  rocks*  etc.,  and  on  the  removal  of  portions 
of  their  shells. — Ann.  Nat.  Hist,  ii.,  1848,  p.  225  (reprinted  elsewhere). 

2.  Notice  of  the  occurrence  of  Fossil  Fish  in  the  rocks  (Marl-slate)  near  the  grot 
shp-dyke  at  Ciillercoats  Haven. — Tyneside  Nat.  F.  C.  Trans,  i.,  1848,  p.  275. 

3.  On  the  excavating  powers  of  certain  Sponges  belonging  to  the  genus  Cliona^  wii 
descriptions  of  several  new  species,  etc — Ann.  Nat.  Hist  iii.,  1849,  p.  321. 

4.  Remarks  on  certain  vermiform  Fossils  found  in  the  Mountain  Limestone 
districts  of  the  North  of  England. — Tyneside  Nat  F.  C.  Trans,  iv.,  1858, 
D.  17. 

5.  On  a  peculiar  reticulated  appearance  on  the  surface  of  a  Clay  Beach  at 
Whitburn. — Tyneside  Nat.  F.  C.  Trans,  iv.,  1858-50,  p.  69. 

6.  Notes  on  the  excavating  Sponges,  with  descriptions  of  new  species. — Nat  Hist. 
Soc.  Northumberland  and  Durham  Trans,  i.,  1865-67,  p.  337. 

Papers  by  Albany  Hancock  and  Thomas  Atthey : — 

7.  Notes  on  various  species  of  Ctcnodus  from  the  Shales  of  the  Northumberland 
Coal- field. — Nat.  Hist.  Soc.  Northumberland  and  Durham  Trans,  iii.,  p.  54. 

8.  On  remains  of  Reptiles  and  Fishes  from  the  Shales  of  the  Northumberland 
Coal-field. — Nat.  Hist.  Soc.  Northumberland  and  Durham  Trans,  iii.,  p.  66. 

9.  On  a  new  Labyrinthodont  Amphibian  from  the  Northumberland  Coal-field, 
and  on  the  occurrence  in  the  same  locality  oi  Anthracosaumi  RtustUL — ^Nat 
Hist.  Soc.  Northumberland  and  Durham  Tran*^  iii,  p.  310. 

la  Note  on  Anthracosaums. — Nat.  Hist.  Soc  Northumberland  and  Durham 
Trans,  iii.,  p.  319. 

11.  On  Fossil  Fungi  from  the  Black  Shale  of  the  Northumberland  Coal-field.— 
Nat.  Hist.  Soc.  Northumberland  and  Durham  Trans,  iii.,  p.  321. 

12.  On  the  generic  identity  of  Climaxodus  and  Janassa. — Nat.  Hist.  Soc.  North- 
umberland and  Durham  Trans,  iii.,  p.  33a 

13.  On  an  undescribed  Fossil  Fish  from  the  Newsham  Coal  Shale. — Nat  Hist. 
Soc.  Northumberland  and  Durham  Trans,  iv.,  p.  199. 

14.  On  the  occurrence  of  Loxomma  Allmantii  in  the  Northumberland  Coal-field. 
— Nat.  Hist.  Soc.  Northumberland  and  Durham  Trans,  iv.,  p.  201. 

15.  Description  of  a  Labyrinthodont  Amphibian,  a  new  generic  form  firom  the 
Coal  Shale  of  Newsham. — Nat.  Hist.  Soc.  Northumberland  and  Durham 
Trans,  iv.,  p.  208. 

16.  Description  of  a  mandibular  Ramus  of  Anthracosaurus  RusscUi^  with  Notes 
on  Loxomma  and  Archichthys. — Nat.  Hist.  Soc.  Northumberland  and  Durham 
Trans,  iv.,  p.  385. 

17.  Remarks  on  DipUnts  and  CUnodus^  and  on  their  relationship  to  Ceratodm 
Forsteri^  Krcfft. — Nat  Hist.  Soc.  Northumberland  and  Durham  Trans,  iv., 

p.  397-  . 

18.  Descriptive  Notes  on  PUiirodus  Rankinii^  on  two  new  Species  of  Platysomus 

and  a  new  Amphtceutrum^  with  Remarks  on  a  few  other  Fish-remains  found 
in  the  Coal-measures  at  Newsham. — Nat  Hist  Soc.  Northumberland  and 
Durham  Trans,  iv.,  p.  408. 

Papers  by  Albany  Hancock  and  Kichard  Howse  : — 

19.  On  a  new  Labyrinthodont  Amphibian  from  the  Magnesian  Limestone  of 
Midderiflge,  Durham. — Quart.  Journ.  Gcol.  Soc,  vol.  26,  1870,  p.  556. 

20.  On  Dorypterus  Hoffmatini^  Germar,  from  the  Marl-slate  of  Midderidgc, 
Durham. — Quart.  Journ.  Gcol.  Soc,  vol.  26,  p.  565. 

21.  On  Jana^^sa  hitiimhiosa^  Schlot.,  from  the  Marl-slate  of  Midderidge,  Durham. 
— Nat.  Hist.  Soc.  Northumberland  and  Durham  Trans,  iii.,  p.  339. 

22.  On  Proterosatirus  Speneri,  v.  Meyer,  and  a  new  species,  ProUrosaurus  Huxltyu 
from  the  Marl-slate  of  Midderidge,  Durham. — Nat  Hist  Soc.  Northumber- 
land and  Durham  Trans,  iv.,  p.  232.  G.  A.  L. 
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